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^ 57 1 Abstract 



Aihimmimt compounds, compositions and methods are provided for modulating the expression of Sentrin. The compositions comprise 
.inu-ciiM- compounds, particularly antisense oligonucleotides, targeted to nucleic acids encoding Semrin. Methods of using chest compounds 
tot modulation of Sentrin expression and for treatment of diseases associated with expression of Sentrin are provided. 



\ 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



\L 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AC 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GK 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


IIU 


Hunga<-> 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IK 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Brlams 


IS 


Iceland 


MVV 


Malawi 


LS 


United States of America 


CA 


Canada 


rr 


Italy 


MX 


Mcx ico 


UZ 


Uzbekistan 


CK 


Central African Republic 


jp 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZVV 


Zimbabwe 


CI 


Cote d'lvoirc 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Camf rtxjn 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic nf Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechienstcn 


SO 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







PCT/US99/13205 

WO 00/36148 

-1- 

ANTI SENSE MODULATION OF SENTRIN EXPRESSION 

FIELD OF THE INVENTION 

The present invention provides compositions and 
5 methods for modulating the expression of Sentrin. In 

particular, this invention relates to antisense compounds, 
particularly oligonucleotides, specifically hybridizable 
with nucleic acids encoding human Sentrin. Such 
oligonucleotides have been shown to modulate the expression 

10 of Sentrin. 

BACKGROUND OF THE INVENTION 

Posttranslational modifications of proteins are 
required for many cellular functions including the 
mediation of protein-protein interactions, enzymatic 
15 activity, degradation, localization of proteins to cellular 
compartments and maintenance of stability. Ubiquitination, 
one type of protein modification, occurs when the protein 
ubiquitin becomes ligated to a target protein. The 
attachment of one or more ubiquitin molecules then signals 
20 the destruction of the protein substrate. 

Recently a novel family of ubiquitin-like molecules 
were described which modify proteins by a similar 
mechanism. Sentrin (also known as UBL1, PIC1, GMP1, and 
SUMO-1) is the prototype member of the ubiquitin-like 
25 family of protein modifiers and was isolated by several 

labs independently (Boddy et al., Oncogene, 1996, 13, 971- 
932; Mahajan et al., Cell, 1997, 88, 97-107; Okura et al., 
J. Immunol., 1996, 157, 4277-4281; Shen et al . , Genomics, 

1996, 35, 271-279) ■ 
30 Sentrin shows only a slight sequence homology to 

ubiquitin (18%) ana, unlike ubiquitin, the attachment to a 
protein substrate is reversible and only forms in a one to 
one stoichiometry with the targeted protein. In addition, 
Sentrin conjugation results in protein trafficking and 
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localization and not in labeling of target proteins for 
degradati on . 

In an effort to identify proteins involved in double 
strand break repair of DNA, Shen et al . demonstrated that 
Stntrir. interacts with RAD 5 1 / RAD 5 2 , a protein complex 
formed during DNA repair and recombination (Shen et al . , 
Genomics, 1996, 36, 2*71-279). 

Other studies isolated Sentrin as a factor which binds 
to the 'death domain* of the TNFR1 receptor and therefore 
plays a role in apoptosis. These studies showed that when 
overexpressed, Sentrin provided protection against both 
Fas/APO-1 and THF-induced cell death (Okura et al . , J. 
Tnmunol., 1996, 157, 4277-4281). Northern blot analysis of 
Sentrin showed ubiquitous expression in all tissues, with 
the highest levels being in the heart, skeletal muscle, 
testis, ovary and thymus. 

Sentrin was also shown to be involved in nuclear 
n-rotein import by conjugating to the 70kD RanGAPl protein 
which could then interact with RanBF 2 resulting in a 
-cmplex which is necessary for nuclear protein import 
■.r.ahajan et al . , Cell, 1997, 88, 97-107). Since then, 
Sentrin has been shown to conjugate to the mammalian 
horrolog of the 'JBC9 enzyme, an E2 ubiqui tin-con j ugating 
enzyme active during cell cycle progression (Gong et al . , 
J . Biol. Chem., 1997, 272, 28198-28201; Schwarz et al . , 
Proc. Natl. Acad. Sci. U 3 A, 199Q, 95, 560-564), and to 
interact with PML and SplOC , two nuclear dot proteins 
associated with the development of acute promyelocyt ic 
.leukoma and rrimary biliaiy cirrhosis { F B C ) (Boddy et al . , 
Oncogene, 1996, 13, 971-982; St.ernsdcrf et al., J. Cell 
Ezol., 1997, 139, 1C-21-1634) . 

Finally, disclosed in WC93 / 2 0u3i are claims to the 
nucleic acid sequences of tne human, mouse and yeast 
Sentrin, antibodies to tne Sentrin protein, cell lines or a 
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transgenic animal expressing the protein, methods of 
detecting said protein with an antibody and methods of 
detecting the nucleic acid encoding Sentrin. Also claimed 
are shorter segments of the nucleic acid sequence 14 
contiguous nucleotides in length that have the same 
sequence or are complementary tc the Sentrin sequence 
intended for use as primers, probes, and templates (Yen, 
1998) . 

Currently, there are no known therapeutic .gents wn.cn 

effectively inhibit the synthesis of Sentrin. 

-. fpit need for additional 

r.nspquentiy, there remains a a_ong felt n*~a 

.... nf effectively inhibit! ng Sentrin function, 
agents catdbic oi ene< ■ - J 

Th -_ t ,.,e, antisense oligonucleotides may provide a 
p ;; isl „, new pharmaceutical too! for the e£ £ ectrve and 

. i ; _ r -t 5antvin 5 XC> 1" B S S i O Tl . 

specific modulation <~i bent.in -r. t 
SUMMARY OF THE INVENTION 

. he presen t invention is directed to antisense 
compounds, particularly oligonucleotides, which are 
targ eted to a nucleic acid encoding Sentrin, and whic 
Adulate the expression of Sentrin. Pharmaceutical and 
other compositions comprising the antisense compounds of 
the invention are also provided. Further provided are 
methods of modulating the expression of Sentrin in cells or 
issues comprising contacting said cells or tissues with 
, on , or more of the antisense compounds or compositions of 

invention. Further provided are methods of treating an 
animal, particularly a human, suspected of having or being 
prone to a disease or condition associated with expression 
, •„,. .-.diTPnisterir.a a therapeutically or 

r, orophyiactically effective amount of one or more of the 
antisense compounds or compositions of the invention. 
DETAILED DESCRIPTION OF THE INVENTION 

The cresent invention employs oligomeric antisense 
compounds', particularly oligonucleotides, for use in 
i5 modulate the function of nucleic acid molecules encoding 
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S.r^nn, ultimately rccdulstinc the a.cunt of Sentrin 

. npd ~,, s is accomplished by providing antisense 

Mrh SDec . fically hybridize with one or more 
compounds whicn spec ^ di -i 

" • t c M caH herein, the terms 

nucleic acids encoding Sentrin. As usee ne.e ^ 

s "target nuclexc add" and "nucleic acid encoding Sentrin 
encompass DMA encoding Sentrin, RNA (including pre-mRNA 
and mRNA) transcribed fro. such DMA. and also cDMA derived 
frcm such RNA. The specific hybridization of an oligomers 
impound with its target nucleic acid interferes with the 

n ; o . ro al function of the nucleic acid. This modulation of 

r- - taraH ru-leic acid by compounds which 
function of a target i.u-j. 

sp ..ciftcany hybrid to it is generally referred to as 
..; tl „ M .". The fun.-tion. of DMA to be interfered wrtn 
include replication and transcription. The functions cf 

, ,,. r in-iude all vital functions such 
i s RNA to be interfered wi.n in.^ude 

i~ rrsn-l^at^n of the RNA to the site of 
flS for example, tran^i^at 

r^tein transition, translation of protein from the RNA 

nlic , ng of the RNA to yield one or more mRNA species, and 
/Italic activity which may be engaged in or facilitated 
,0 bv the F.N A . The overah effect of such interference with 
target nucleic acid function is modulation of the 
expression of Sentrin. In the context of the present 
rentier., "modulation" means either an increase 
stimulation, or a oecrease (inhibition, m the expression 
,5 of a gene. In the context of the present invention, 

inhibition is tne preferred form of modulation of gene 
expression ano mRNA is a preferred target. 

lt is preferreo to target specific nucleic acids for 

* r antisense compound to a 
a n r is c- n e . - & - '-j t:r - - - ■ - ^ " 
30 particular nucierc acid, in the context or this invention, 
L a a.ultrstep process. Tne process usually Pagans with 
, d ent-f<cation :f a nucierc add sequence whose 

is to be modulated. This may be, for enampre, a 
;i iuiar gene (cr mRNA transcribed from the gene, whose 



function 
ce. 

exoression is 



■ _v, = n^rt 1 cular disorder or 
associated with a pari 
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state or a nucleic acid molecule from an 
dlsease state, inV ention, the target is 

infectxous agent. m - - ^ nt rin The targeting 

a nuclexc acid molecule encoding Sen rxn 

process also includes determma - occur 
5 withxn thxs gene - the an. n - — ^ Qr roodulati on 

— — TZ C^ will result. Wxthxn the 

of expression of the ,r Jt . , dintragenic 

— fc ^ Pre r CC :~- translation initiation 

10 or terminatio.. translation 

. r ;. ;a v io p codon is typitc-j - 

1 S ._ A TG in the corresponding DN« mol-c 

m0lSCUleS ' I a tion ,odon is also referred to as the 

translation initiation ,c _ ? 

. ,. rhp "start cooon or tn_ 
15 "AUG codon, tne o.a ; „, H;flon codon 

_ — y of aenes have a translation .ni.ia 
mj-nw^-o c ,_ rnG 5--UUG or b'-^b, ana 

having the MIA sequence - ' shQWn to function in 

Arc and 5'-CUG have been shown 
5--AUA, S'-ACG and 0 codon" and 

vivo. Thus, the terms "translation in. ... ^ - 
70 ,. st art codon" can encompass many codon sequences 
20 start cc instance is 

iP , Tt is also known in the art that 

[in prokatyotes) . It is a 

pre£er entia a ^ ^ ^ ,. t 



30 



o£ conditions. In the con.— ^ 
oooon" and "translation initiation oodon « 
codon ot codons that are used in «« > - ~~ 

translation of an T.PUA molecule » anS " lb c£ such 

0 f thP sequence vS) <- j- 
r ._„r-^Tr- reaardiess ox ^ 
encoding Sentrm, reu 

codons. translation 

mown in the art that a tran-x* 
It rs aiso Kno.n in one 
nr "stop codon") of a „ene m^ 
35 termination codon Or s.op 
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5--UAG ana 5 ' -UGA (the 



5 ■ -7AA, 5 ' -TAG and 5 ' -TGA, 



10 



of three sequences, 
corresponding Or 3 A sequences are 

■ . . \ T hP -errns "start codon reqion" and 
respectively) . >'' e - ermb 3 ~ 

v^-i -,n" -efer to a portion at 

"translation initiation codon re-aon ^- ^ 

„ ^K=.f - n rrrr - s^ps from about 25 tc 
such an mRNA cr gene that ^nccrrp-s..es 

about 50 contiguous nucleotides m either direction (i.e., 

5 . or ,.) from a translation initiation codon. Similarly, 

the terms "stop codon region" and "translation termination 

«*= e r to a oort-on or such an mRNA or gene 
codon region" refer to a pon--- 

that encompasses frorc about 2, :r, about 50 contiguous 
nucleotides ir, either direction ( 1 . „ . . 5' or 3M fro™ a 
translation termination colon. 

The or.en reading frame (ORF) or "cooing region," which 
is -nown m the art to refer to the region between the 
translation initiation codon and the translation 
termination cdon, is also a region which may be targeted 
effectively- Other target regions include the 5' 

i reaion (S-uTF:, known in the art to refer to 

untranslated region . - u . r , , 

the portion of an mRNA in the 5' direction from tne 
20 translation initiation codon, and thus including 

nucleotioes between the 5' cap site and the translation 
, n , tiati on cocon of an mF.UA or corresponding nucleotides on 

; , and the 3- untranslated region (3'UTR), Known in 

the art to refer to the portion of an mRNA in the 3' 
section iron the translation termination codon, and thus 
in ,ludino nucleotides between the translation termination 
CO ocn and 3" end of an mRNA or corresponding nucleotides on 

-omorises an N7 -methylated 
. n - qenP The 3' cap or an mRNA comprises 

...... n ^.. t he 5' -most residue of the mRNA 

"','_ r . , nnkdie. The 5' sap regie; 



15 



a 2 triphosphate linkage, 

m c : N A • s c c n s i d e r e d to ir.i 

s adjacent to the cap 



de the 5' cap strusture itself 



as well as tne first 50 nucieotia 

, ■ .i«n he * preferred target region. 
The c ' ' can reaicn may aiso De a P I Si - 

r.tnougn some eukaryctic mRNA transcripts are directly 
translated, many contain one cr more regions, known as 
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.. in trons," whrch are excised .r» a transect before it is 

^ i-nH therefore translated) 
lated The remaining ,ana uiei^^^ 

^rls are Known as "exons" and are spliced toother to 
form a continuous mRNA sequence. mRNA splroe srtes, r.e., 
s rntron-exon Junction., my also be preferred target 

egrons, and are particularly useful in stations where 
aberrant splrcrng rs rmpiicated i„ disease, or where an 
overproduction of a partroular mRPA spi.ee Product i. 
implrcated rn drsease. aberrant fusron .anctrons due to 
„Lancements or deietrons are also preferred targets. It 
r ^ au ^ _ = b«=- effective, and 

has also been found that introns ,an al.o b - 
therefore preferred, target regions for antisense compounds 
targeted, for example, to DNA or pre-mRNA. 

" once one or .ore target srtes have been identify, 
oligonucleotides are chosen which are sufficiently 
01 q , , - Hybridize sufficiently 

complementary to the target, »yb.i 

well and with sufficient specificity, to give the - 

effeCt - . ... "hybridization" 

In the context of tnis i""— " - y ' 

20 means hydrogen bonding, which may be Watson-Crrcx 

Hoogsteen or reversed Hoogsteen hydrogen ondrng b ee 
complementary nucleosrde or nucleotrde oas.s. " P 

ad enr„e and thymrne are complementary nucieobases whrch 
oarr through the formation of hydrogen bonds. 
P .. ■.. used herein, refers to the capacity for 

lot/de at a certain positron of an ^^ucX.^. » 
cap able of hydrogen bonding wrth a nucieotrde a the ^ 
-i„ r . of a DNZi er RNA molecule, then 
30 ar.7the P»A or FHA are considered to be complementary to 
each other at that positron. .he olrg rnu elect rde and the 
Dm or RPA are complementary to each other when a 
s „ ff rcrent number of corresponding positrons in earn 
molecule are occupred by nucleotrdes whrch can hyodrog n 
35 b .-.„d wrth each other. Thus, ■■ specr f really hybrrdrrable 
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■ i = r-<= -ised cc indicate a 

and ••ccmp-emer.tarv a^<= c-t-i- 
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an j — - it ,-, r precise pairing 

s-f'icient dearee of complement., r it > - r 

, v^-p and s^fic Binding occurs between the 
such that stable and s^ec^- 

oiiqonucleotide and the DMA or RNA target. It is 
understood m the art that the seguence or an antisense 
compound need not be 100% complementary to ^ ° ^ 
rare t nucleic acid to be specifically 

^ sense compound is specifically hybridirable when 

nH tc th P target DNA or RNA molecule 
binding of the compound to th_ -arg 

irtprf eres with the normal function of the target or 

RNA to cause a loss of utility, and there is a sufticient 

i man t. T itv rr svoid non-specifi- binding 
dearee cf complementer it v r. . c. 

co„P- to non-target seances un er 

,.,hieh soecj'ic binding is desired, i.e., 
conditions in whicn spec;.- 

under physiological conditions in the case 

s,, V! -i therapeutic treatment, and in the case of 
vlt ; o assay s, under conditions in which the assays ate 

Per: °;:: d s=n5 , compounds ate evenly used as research 

and diagnostics. For example, antrsense 
oiigonucieotides. which are able to inhibit gene e.pressron 

r „, e -"ei-V. aJ e often used by those of 
ordinary skill to elucidate the functron of partruu 
, ; Intisense compounds are also used, tor example, to 
, Ltmgersh between functions of various member ■ 

biological Pathway. Antrsense modulation has, therefore, 
De en harnessed for researih use. 

The specificity and sensitivity of antrsense 

, G . ski . : rn the art for therapeutic 

^Antisense' oligonucleotides have been employee as 
" i apeutrc moieties rn the treatment of disease states rn 
tJ. and man. Antisense oiigonucieotides have been 

, ..„,„,«., re ,a to humans and numerous 
safely and effectively aami...is . . rea 

-, ( .,1.. .-..is are presently underway. It rs thus 
estabrrsheo'that t 1 r gonucleot ides can be useful tnerapeutr, 



3 0 uses. 
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a +r hP useful xn treatment 
Halities that can be configured to be use 
modalities r , ; „, lfi5 and animals, 

regimes for treatment o: c«xxo, 

especially numan- ^ ^ 

" C T e ! de ! I to an oligomer or polymer of 

5 " 0lig0 7 acfd (RNA) or deoxyribonucleic acid ( DNA ) or 
ribonucleic acid (RI . nciudes oligonucleotides 

_ r. Th- c term inciuats ^ 
mimetics thereof. Th~ sugars and 

, . na turally-occurring nucxeobases, sug 
composed of naturany as we ll as 

■ , or n.,rleos'^ (backbone) linhag — 
covalent internaolec s. ur r ing portions 

lnrf Hps havina r.on-naturany 
10 0Ug0nU mi /ar - Such modified or substituted 

fnrr f on similarly- ^ ^ 
WhlCU I des cfron oreferred over native terms 

oiigonu^xCCw.w example, 

* ^^r^bi- rrooerries such as, iu 
because of des.rab- F i affini ^ v f-r nucleic 

pri rpUu iar uptake, enhanced affmi-i £ - 
ennan nd incased stability in the presence of 

a r-in target and incr^^ 



acia target a 
n u c lease 



20 



30 



whil e aniens, »' ' J> ^ ieh . nds 

n£ ancisense CO.P-, the present tnventt -o P 
oth« oliguric „«»»« cc„poun a s, ^ ^ 

u , t . dp mimetics such as are 
u „ ited to cltgonucleot.de n ordanc , ulth this 

belou . The anttsense expounds xn 30 
in ventton preferably uprise fro, about ' 

nucleobas ,s. -tttcuutxv : n ut 30 

— rrr. - — - — 

nucleobases nuc leoside is a 

. , v R «- is known m the art, a 
nucleosides). As nucleoside 

is normally a hetero,/. - - our ines and the 

„w K^r.r-rvclic bases are ..r.e l 
classes or sa_;i ----- - _ further 

M„rj —tides are nucleosides -ha- 
pvrimidmes. Nuci-tia ^ sugar 

include a phosphate group ^^\ 1 ^ leosLdBa that 

f » ha nu-l^'Side. For those nu-leosia 
portion of th_ na. .- Dhos phate group can be 

include a pentof ur anosyl sugar, the phc sp 

■>/ 3' or 5' hydroxys moi-uy 
linked to either t,e - , ipotides the phosphate groups 
sugar. In forming oligonucleotides, 
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_ r „, 1? , c ,^ c r. one another to form 
covaientlv link ad 1 acen. ^..l^-.-e- -- 

- M r--n.] I- f.rn the respective ends 
a 'inear pclvmeric ccmp- ^nJ . -»•• — 

i - evricture can be further ]Oined to 

of this linear polymeria s.ructu.e 

i -> r on '-near structures 

a circular structure, however, op— — 

5 a- aenerally preferred. Within the oligonucleotide 

structure, the phosphate groups are co-only referred to as 

fining the mternuclecside backbone of the 

Ribonucleotide. The normal linkage or backbone of RUA and 
DNA is a 3' to 5' phosphodieste t linkage. 

.f r,ref---rr-d antisense compounds 
use ful in this invention include oligonucleotides 
containing modified ba rkoones or non-natural 
, n tpr r .ucleoside linkages. As defined in this 
:;::,, tl on, oligonucleotides having mocified backbones 
, that re tain a Pb^:cn. atom m the backbone 

and tnose that do net nave a phosphorus atom m the 
b aokb„n.. For the purposes of this specification, and as 
e 0 ^i„^ referenced in the art, modified oligonucleotides 
; a ;" d ""v.t have a phosphorus atom in their int e rnuc leoside 
, C backbone can also be considered to be oiigonucleosides 

p.-f-rred modified oligonucleotide backbones include, 
-n- example, phosphorothioates , chiral phosphorot hioates , 
Pnrsphcrodithioates, phosphot r ic-ster s , aminoalkyl- 
.nosphotriesters, methyl and ether alkyl phosphonates 
In^udrng 3<-alkylene phosphorates and chiral phosphonates , 
ohosphmates, phosphoramidates including V -ammo 
Phosohoramidate and aminoal ky iohosphorami .a tes , 
rhlrnophcsphoramidates. thionoalky Iphosphonates , 

. • ,_„v,...^.., = r^, and boranophosphates having 
rhic n off i v - 1- : 1 - ; ■ j t- * - - ■ - - - - j ■ ^ 
,o nc^nal V-5' linkages, 2' -5' linked analogs of these, an. 
.V 0 !, .a.ing inverted polarity wherein the adjacent pairs 
^ ^cleoside units are linked 3-5' to 3' -3' or 2' -3' to 
Various salts, mixed salts and free acid forms are 



25 



o ' - 5 ' to 

or 

5' -1' 

also included. 

Reoresent a t i v* 



United States patents that teach the 
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P^-oo or th e lor" 

xnclude, but ax. - ~- 177 , 19 6; 5,188,897; 

4 460,863; 4 , 476,301 ; 5,0.,,^, 5,- ' 

s -76 0i°- S 278,302; 5,286,7 17 ; 5,3.1,1.1, 

5,264,423; 5,-/0,0.., ~, 4( : 6 ,677; 

, c at- q-^Q- =■ <i^,496; r , 4 r ' , - - - < - ' 1 - ° ' 

5 5,399,676; 5,403,9.9, - ' " ' ,,550,111; 

5,476,925; 5,519,12,; 5,^,3-1. < :ertai „ of 

5,563,253; 5, 571,799; 5,587,361 ; and 5, 0^ 
which are commonly owned with this .pp.ii— n. 
whic, is herein incorporated by ref ^ ^ do 

Dref Prred modified oligonucleotide backbo 

v- ru c a tn„, therein have backbones that 
n ., t mrlude a phosphorus at.n - 

, rt „v. a ^. a ib'l or cy-loalkyi 
a r e formed oy short a-', 

...osid- linkages, mixed heteroatcm ana .ikyl ^ 
ir.ternucieosid. m , short 

cv Sl « lk yl inte.nuclecside lrn,a g es, „ " 
, hain ne teroatomic or ne.ero ,c - ^ linkage s 

, nkaoes . These include those h -I _ 

" , d in par t from the sugar portion c, a d " ' 

backbones; formacet/l ana fc£lCkb on-s; alkene 

* , m - rpr .,l and thioformacetyl d^ckdjii... 
--xylene form-cetyl and backbor<OE . me thy leneimino 

,,, naming backbones; suifamate backb n „. ulf onamide 

• ,. r ^ir,n backbones; sui.onout dau - 
n , - others „.„„, Blx . d „, 0, S 

cicKkones; amide DackDjn-^ 



10 



c: . 

b 



2 5 



3 5 



and CH, component parts. the 
Representative United Stakes patents 

f rhP above rlioonucleosides include, but are 
preparation ot the abo^e tix, 

, , ,, s • R 074 , 506; 5,lb6,315; -.,1L5,4^, 
not limited to, U.o.. - , - > ,,,64,564; 

5,^14,134; 5,216,141; 5, 2,., 033, -.-b - 

= ,-,938 ; 5,4 54,257 ; 5, 4,k, ,77; ,,47 . ' 

< 561 o 2 5; 5,5.6,08c; 5,601,240; 5,o...,-o- 
5 ' 541 '- ' -" jbl '^V ' _ 089 . , 616 ,704; 5,623,070, 
5,602, 240; 5,608,04,; o,610,„8 , „.o , certa in of 
^ i ^ ■ s 63 3, 3o0 j, o / / , ^ j / , 

:.7 ;h h.r.i- — ^ r^ir;^^.. ^ «. 

ir. other preferred oligonnrle^il. * 
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sugar and the internucleoside linkage, i.e., the oackbone, 
of the nucleotide units are replaced with novel groups. 
The case units are maintained for hybridization with an 
appropriate nuzieic acid target compound. One such 
5 oligomeric compound, an oligonucleotide mimetic that has 
been shown to have excellent hybridization properties, is 
referrec to as a peptide nucleic acid ( PN A > . In PNA 
compounds, the sugar-backbone of an oligonucleotide is 
replaced with an amide containing backbone, in particular 
10 an aminoethylgivcine backbone. The nuoieobases are 
retained and are bound directly or indirectly to aza 
nitrcgen atoms of the amide portion of the backbone. 
Representative United states patents that teach tne 
preparation of PIIA compounds include, but are not limited 
15 to , U.S.: 5,539,082; 5,714,331; and 5,719,262, each of 

which is here.n incorporated by reference. Further teaching 
of PIIA compounds can be found in Nielsen et al., Science, 
1991, 254, 1497-1500. 

Most preferred embodiment s of the invention are 
20 oligonucleotides with pr.osphorothioate backbones and 
oligonucleosides with heteroatom backbones, and in 
particular -CH -1IH-0-CH- , -CH -W (CH i -O-CH [ known as a 
methylene (methylimino. or MM I backbone' , -CH -O-N { CH .) -CH- - , 
-CH..-N(CH ; ,)-N(CH..)-CH - and -0-M(CH.) -CH -CH [wherein the 
25 native phosphodiester backbone is represented as -O-P-O-CH,- 
] of the above referenced U.S. patent 5,489,677, and the 
amide backbones of the above referenced U.S. patent 
5,602,540. Alsc preferred are oligonucleotides having 

i. r ..-v.-.-ro structures of the above-referenced U.S. 



rr o r ' 



30 patent 5 , 034 , 50b . 

Modified oligonucleotides may also contain one or more 
substituted sugar mcieties. Preferred oligonucleotides 
comprise one cf the following at the 2' position: OH; F; O- 

S-, or N-aikyl; 0- , S-, or N-alkenyi; 0-, S- or N- 
llkynyi; or O-a i kyi -C-al ky 1 , wherein the aikyi, alkenyi and 
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alkynyl may be substituted or unsubstituted C 5 to C ln alkyl 
„ r 1-0 C. alkenvl and alkynyl. Particularly preferred are 
0[(CH..) r ,0] m CH,, 0(CH 2 ) r ,OCH,, 0(CH,) n NH : . 0(CHO P CH„ O ( CH ; ) „ONH 2 , 
and 0(CH 2 )„ON[(CH,),CH.)]_., where n and m are from 1 to about 
5 10. Cther preferred oligonucleotides comprise one of the 
following at the 2' positron: C, to C,, lower alkyl, 
•substituted lower alkyl, alkaryl, aralkyi, O-alkaryl or O- 
aralkyl, 3H. SCH„ OCII , CI, Br, CN, OF,, OCF., SOCH„ SOCH,, 
OMC, NO- , N,, NHj , heterocycloalkyl, heteroc/clcalkaryl, 
10 aminoalkylamino, polyalkylamino, substituted sxlyl, an RNA 
cleaving group, a reporter group, an xnteroaiator , a group 
for improving the pharmacokinetic properties of an 
oligonucleotide, or a group for improving the 

pharmacodynamic properties of an oligonucleotide, and other 
15 substituents having similar properties. A preferred 

., H .,-, v. mo ,h„v VP fho>;v (2--0-CH CH CCH., also 
modification .induce.: <- "'-—•.< i 

known as 2 1 -O- ( 2 -met hoxyethy 1 > or 2'-MOE; (Martin et al . , 
Helv. Chin. Acta, 1995, 78, 486-504) i.e., an alkoxyalkcxy 

c - i — . <^ -; f t run Mir] udes 2 ' - 

group. h turtner piyiei-iea m..^^ — - 

20 dimethylammooxyethoxy, i.e., a O (CHO ,ON <CH,> : group, also 

known as 2 ' - DMAOE , as described in examples herembelow. 

Other preferred modifications include 2 1 -rnethoxy (2" 

O-CH,), 2'-aminopropoxy ( 2 ' -OCH : CH : CH 2 HH,) and 2'-fluoro (2'- 

F) . Similar modifications may also be made at other 

25 positions on the oligonucleotide, particularly the 3' 

position of the sugar on the 3' terminal nucleotide or ^n 

2' -5' linked oligonucleotides and the 5' position of 5' 

terminal nucleotide. Oligonucleotides may also have sugar 

mimetics such as cyclobutyl moieties in place of the 

30 pentofuranosy.1 sugai . Representative united States patents 

that teach the preparation of such modified sugar 

structures include, but are not limited to, U.S.: 

4,981,957; 5,118,800; 5,319,080; 5,359,044; 5,393,878; 

5,446,131; 5, 466,786; 5, 514,785; 5,519,134; 5,567,311; 

35 s', 576,427; 5,591,722; 5,597,909; 5,610,300; 5,627,053; 
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5,639,3^3; f. f <:46, 265; 5, 653, 873; 5,6-C,635; and 5, "CO, 920, 
certain of which are commonly owned with the instant 
application, and each cf which is herein incorporated by 
reference in us entirety. 

Oligonucleotides may also include nucleobase {often 
referred to in the art simply as "base") modifications or 
substitutions. As used herein, "unmodified" or "natural" 
nuclecbases induce the purine bases adenine (A) and 
g.ianine ( G 5 , and the pyrimidine bases thymine (T) , cytosine 
(C) and uracil (U). Modified nuclecbases include otner 
synthetic and natural nuclecbases such as 5-met.hy Icy t osi ne 

:-n»e-C) , 5-hydroxymet hy 1 cytosine, xanthine, hypoxanthine, 
2-arninoadenine, 6-methyl and other alkyl derivatives of 
cidemne and guanine, 2-propyi and other alkyl derivatives 
; f adenine and guanine, 2-thiouracil , 2-thiothymine and 2- 
thiocytosine, 5-halouracil and cytosine, 5-propynyl uracil 
and cvtosine, b-aco uracil, cytosine and thymine, 5-uracil 
■ t seudouracil ) , 4 - 1 hiouraci 1 , 8-haLo, & -amino, 3-thiol, 8- 
i:noalkyl, 8-hydroxyl and other 3 - subs t i t u t ed adenines and 
canines, 5-halo particularly 5-bromo, 5- t r i f luoromethyl 
^:.d other 5 -s ubs 1 1 tuted uracils and cytosmes, 7- 
s,~;.hv '.guanine and "7 -methyladenme , 8-azaguanme and 8- 
c: ^adenine , 7-deazaguanine and 7-deazaadenine and 3- 
oeaz a guanine and 3 -de a z a adenine . Further nuclecbases 
include those disclosed in United States Patent No. 
3,637,808 , these disclosed in The Ccncj.se Encyclopedia Of 
l C:±v:ner Science Ana Engineering, pages 856-859, Krcschwitz, 
.3.1., ed. John Wiley -i Sons, 1990, those disclosed by 
Enciisch et a 1 . , Angewandte Cheir.ie, International Edition, 
1991, 30, t!3, ana tnose disclosed by Sanghvi, Y.S., 
Chapter 15, Antisense Research and Applications, pages 289- 
■;3, Crooke, S . T . and Leoleu, B. , ed., CRC Press, 1993. 
Certain of these nuclecbases ere particularly useful for 
increasing tne binding affinity of the oiigomeric compounds 
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of the invention. These include 5-subst i tuted pyrimidines, 
6-azapyrimidines and N-2. N-6 and 0-6 substituted purines, 
including 2 -aminopr opyladenine , 5-propynyluracil and 5- 
propynylcvtosine. 5-methylcytosine substitutions have been 
, shown to increase nucleic acid duplex stability by 0.6-1.2'C 
(Sanghvi, Y.S., Crooke, S.T. and Lebleu, B . , eds . , 

r- ar . a -, r „y Annlicaticn:--, CRC Press, Boca Raton, 

1993, pp. 276-278) and are presently preferred base 
substitutions, even more particularly when combined with 
0 2'-0-methoxyethyl sugar modifications. 

Representative United States patents that teach the 
r , rpr , arnti cr. of certain of the above noted modified 
nu/leobases as weal as other modified nucleobases include, 
but are net limited to, the above noted U.S. 3,687,803, as 

, . . r, - u r- r. £ . <■-. i '< n \ 0 ? ; 5 , 1 4 , 0 6 6 ; 5 , 1 7 5 , t. 7 J ; 
5 well as U .::■». : •> , ••■ - * - • 1 • '-■ > 

r ... r ,r-i -,o-7. c /■ r -. Q :-■=; C ,4R4,908; 
5,367,066; 5, 4^^, J/-; ■< 

5 502,177; 5,525,^11; 5,552,540; 5,587,469; 5,554,121, 
r,596',09i; s',614,615; and 5,681,941, certain of which are 

, , — a j . «- -,r-t-n i <-st i nn . and each of 

commonly owned witn tue Aiiauam. ■ 

•0 wmch is herein incorporated by reference, and United 

States patent 5,750,692, which is commonly owned with the 
instant application and also herein incorporated by 
reference . 

Another modification of the oligonucleotides of the 
25 invention involves chemically linking to the 

oligonucleotide one or more moieties or conjugates which 
chance the activity, cellular distribution or cellular 
uptake of the oligonucleotide. Such moieties include but 
are not limited to lipid moieties such as a cholesterol 
35 moiet ■ (Letsonger et al., Proc. Natl. Acad. Scz. USA, 1989, 
^, _ 6553-6556), cholic acid (Manoharar. et al . , Bioorg. Med. 
"hen;. Leo , 1994, 4, 1053-1060;, a thioether, e.g., hexyl- 
S-tritvlfhicl (Manoharar. et al., Ann. N. Y. Acad. Sci., 
1992, 'etC, 306-309; Manoharan et al . , Biocrg. Med. Chew. 
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Let., 1993, 3, 2765-2 770), a thiochoiesterol lOberhauser et 
al., Nucl. A^ids Fes., 1992. 22, 553-53E), an aliphatic 
chain, e.g., dodecancicl or ur.de cyl residues (Sais:>n- 
Behmoaras e: al., EMBO J., 1991, JO, 111 1-1118; Kabanov et 
al., FEBS Lett., 1990, 259, 327-350; -vinarchuk et al., 
Biochimie, 1993, 75, 49-54), a phc t phol i pid , e.g., di- 
hexadecyl-rac-glycerol or tri ethyl arm :>ni um 1 , 2-di-O- 
hexaaecy 1 - rac-oiycero- 3-H-phosphonate ( Man oh a ran et al . , 
Tetrahedron Lett., 1995, 26, 3 c 5 1 - 365 4 ; Shea et al., Nucl . 
Acids Res., 1990, I 8 , : 77 ~ -37 fi T: ) , a p jlyamine or a 
polyethylene glycol :hair: ( Mar.char an et al . , Nucleosides & 
Nucleotides, 1995, 14, 969-973;, c r a d ama ntane acetic acid 
(Manoharan et al., Tetrahedron Lett., 1995, 36, 3651-3654), 
a palmityl moiety (Mishra et al . , Biochim. Biophys. Acta, 
1995, 12€4, 529-2 37 i , or an c c t adecyl ami ne or hexy 1 amino- 
car b o n y 1 - ox y c holesterol moiety (Cr oo k e e t a 1 . , J . 
Pharmacol. Exp. Tner . , 1996, 277, 923-937. 

United States patents that teach the 
•ligonucleotide conjugates include, but 
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It is not necessary for all positrons in a given 
compound to be uniformly modified, and in fact more than 
one of the aforementioned modifications may be incorporated 
in a single compound or even at a single nucleoside within 
5 an oligonucleotide. The present invention also includes 
antisense compounds which are chimeric compounds. 
"Chimeric" antisense compounds or "chimeras," in the 
context of this invention, are antisense compounds, 
particularly oligonucleotides, which contain two or more 
10 chemically distinct regions, each mace up of at least one 
monomer unit, i.e., a nucleotide m the case cf an 
.Uoonuclectide compound. These oligonucleotides typically 
non-ain at least one region wherein the Hi ^nucleotide is 
edified s: as to confer upon the oligonucleotide increased 
15 resistance to nuclease degradation, increased cellular 

. Hn j;„„ ,ffinit-v for the target 
uptake, and/cr increased binding — — j 

nucleic acid. An additional region of the Oligonucleotide 
ma y serve as a substrate for enzymes capable of cleaving 

... . , • .,_ r... ..-,„ -n-f e van-pi ••■■!, RNase H is 
PNA-DNA or RtIA:KUA nyoriu^.. u y — 1- - • 

w llular endonuclease which cleaves the RNA strand of an 
FNA:DNA duplex. Activation of RKase H, therefore, results 
in cleavage of tne P.N A target, thereby greatly enhancing 
rhe efficiency of oligonucleotide inhioxtion of gene 
expression. Consequently, comparable results can often be 
25 obtained with shorter oligonucleotides when chimeric 

oligonucleotides are used, compared to phosphorothioate 
deoxyoligonucleotides hybridizing to the same target 
region. Cleavage of the RNA target can be routinely 
detected by gel electrophoresis and, if necessary, 
30 associateo nucleic acid hybridization techniques known m 
the art . 

Chimeric antisense compounds of rhe invention may be 
formed as composite structures of two or mere 
oligonucleotides, modified oligonucleotides, 
35 oligonucieosides and/or oligonucleotide mimetics as 
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aescriced above. Such compounds nave also b^er. referred to 
ir. the art as hybrids or qapmers. Representative United 
States patents that teach the preparation of sum hybrid 
structures include, but are not limited Lo, U.S.: 
5 5, 013 , 6 30; 5,149,797; E , 220, 007; 5,256,77 5; 5,366,878 ; 
5,403,711; 5,491,133; 3,563,350; 5, 623, 005 ; 5, 652, 355; 
5,o52,o5o; and 5,700,922, certain of which are commonly 
owned with the instant application, and each of which is 
herein incorporated by reference in its entirety. 

10 The anttsense compounds used in accordance with this 

invention may be conveniently and routinely made through 
the well-known technique of solid phase synthesis, 
Equipment for such syncnesis is sold by several vendors 
including, for example, Applied Biosystens (Foster City, 

15 CA>. Any other means for such synthesis known in the art 
may additionally or alternatively be employed, It is well 
Known to use similar techniques to prepare oligonucleotides 
sunt as the phosphor c thi oates and alkylated derivatives. 
The antisense compounds of the invention are 

2 0 synthesized m vitro and do not include antisense 

compositions of biological origin, or genetic vector 
constructs designed to direct the in vivo synthesis of 
ant_ sens e mo i e c u 1 e s . 

The compounds of the invention may also be admixed, 
25 encapsulated, conjuoated cr otherwise associated with other 
molecules, molecule structures or mixtures of compounds, as 
for example, liposomes, receptor targeted molecules, oral, 
rectal, torica.i or other formulations, for assisting in 
not a ke , distribution and /c r atsc rpt ion . Representative 
30 United Stater patents that teacn the preparation of sucn 
uptake, aistri b ution and/or absorption assisting 
f ormulations include, bat are not limited tc , Lb S . : 
3, 10.:, 921; o, 354 , 644; 5,416,016; 3,459,127 ; 5,521,291 ; 
5 , 5 4 3 , 1 5 8 ; 3,54 7 , 932 ; 5,533,020; 3,591,72 1 ; 4,4 2 6 , 330 ; 
3 5 4 , 5 54, 399; 1,013,356; 5,303,921; 5,213,304; 5 , 227 , 5 7 0 ; 
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5,264,221; 5,356,633; 5,395,619; 5,416,016; 5,417,978; 
s',462, 854 ; 5,4 69, 854 ; 5, 512,295; 5,527,528; 5,534,259; 
s', 543',152; 5,556,948; 5, 580, 575; and 5,595,756, each of 
which is herein incorporated by reference. 

The antrsense compounds of the invention encompass any 
pharmaceutical^ acceptable salts, esters, or salts of such 
esters, or any other compound which, upon administration to 
an animal including a human, is capable of providing 
(directly or indirectly) the biologically active metabolite 

10 or residue thereof. Accordingly, for example, the 

disclosure is also drawn to prodrugs and pharmaceutical^ 
acceptable salts of "he compounds of the invention, 
Pharmaceutical!-/ acceptable salts of such prodrugs, and 
other fc-ioequivalents . 

15 The term "prodrug" indicates a therapeutic agent that 

. . i* rc . -p-v-m 1-bat is converted to an 
is prepared m an maot_ve ,-^m >. ±- 

active fcrm (i.e., drug) within the body or cells thereof 
by the action of endogenous enzymes or other chemicals 

-r.. ___«-■!,,,, -i =v nmdnm versions of the 
and/or conditions. in parL^-u., r-~ 

20 oligonucleotides of the invention are prepared as SATE 

[(S-acetyl-2-thioethyl) phosphate] derivatives according to 
th* methods disclosed in WO 93/24510 to Gosselin et al . , 
published December 9, 1993 or in WO 94/26764 to Imbach et 
al . 

25 The term "pharmaceutical ly acceptable salts" refers to 

physiologically and pharmaceutical^ acceptable salts of 
the compounds of the invention: i.e., salts that retain the 
desired biological activity of the parent compound and do 
not impart undesired toxicological effects thereto. 
30 Pharmaceutical!'/ acceptable base addition salts are 

formed with metals or amines, such as alkali and alkaline 
earth metals :r organic amines. Examples of metals used as 
cations are sodium, potassium, magnesium, calcium, and the 
like. Examples of suitable amines are 
35 N ,ir-dibenr.ylethylenediamine, chloroprocame, choline, 
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aietnanolanir.e, di eye 1 one xy I amine , ethyienedianine, 
N-methyigiucamir.e , and procaine (see, for example, Berge et 
al., "Pharmaceutical Salts," J. of Phai.iua Sci., 1911, 66, 
1-19) . The base additicr. salts of said acidic compounds 
are prepared ty contacting the free acid form with a 
sufficient amcunt of the desired base to produce the salt 
in the conventional manner. The free acid form may be 
regenerated by contacting the salt form with an acid and 
isolating the free acid in the conventional manner. The 
free acid forms differ from their respective salt forms 
somewhat in certain physical properties sum as solubility 
in polar solvents, but otherwise the salts are equivalent 
to their respective free acid for purposes of the present 
invention. As used herein, a "pha rmaceut ical addition 
salt" includes a pharmaceutically acceptable salt of an 
acid form of one of the components of the compositions of 
the invention. These include organic or inorganic acid 
salts of the amines. Preferred acid salts are the 
hydrochlorides, acetates, salicylates, nitrates and 
phosphates . Other suitable pharmaceutically acceptable 
salts are well known to those skilled in the art and 
include basic salts of a variety of inorganic and organic 
acids, such as, for example, with inorganic acids, such as 
for example hydrochloric acid, hydrobromic acid, sulfuric 
acid cr phosphoric acid; with organic carboxylic, sulfonic, 
sulfo or phospho acids or ^-substituted sulfamic acids, for 
example acetic acid, propionic acid, glyceric acid, 
succinic: acid, rnaieic acid, hydr exyma le i c acid, 
methylmal eic acid, fumaric acid, malic acid, tartaric acid, 
iaccic acid, oxalic acu, gluconic acid, giucaric acid, 
glucuronic acid, citric acid, benzoic acid, cmnamic acid, 
mandelic acid, salicylic acid, ^-aminosalicylic acid, 
2 - p h e n o x y b enzoic acid, 2 - a c e t o x y b e n z o ic acid, emb on i c acid, 
nicotinic dci -J or isomcotinic acid; and witn ammo acids, 
such as tne 20 aipha-amino acids involved in the synthesis 
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of proteins in nature, for example glutamic acid or 
aspartic acid, and also with phenylacetic acid, 
methanesulfonic acid, ethanesul f onic acid, 

2-hydroxyet.hanesulfonic acid, ethane- 1 , 2 -di sul fonic acid, 
5 ben-enesulfcni: acid, 4 -methylbenzenesul f onic acid, 

uaphthalene-2-sulfonic acid, naphthalene- 1 , 5-disulf onic 
acid, 2- or ?-phosphogiycerate , glucose-6-phosphate, 
ll-cyclohexylsulfamic acid (with the formation of 
cyciamates), or with other acid organic compounds, such as 
1C ascorbic acid. Pharmaceutical^ acceptable salts of 

compounds may also be prepared with a pharmaceutical!, y 
acseotable cation. Suitable pharmaceutical ly acceptable 
cations axe well known tc those skilled in trie art and 
include alkaline, alkaline earth, ammonium and quaternary 
15 ammonium cations. Carbonates or hydrogen carbonates are 

3. 1 S O p 1 Ci O — b * - - 

For oligonucleotides, preferred examples of 
pharmaceutically acceptable salts include but are not 
-> .• , , ^i,^ fnrr-ftd with cations such as sodium, 

nQtcu u \ ^ / ^ ^ — ■ — 

20 potassium, ammcnium, magnesium, calcium, polyandries such as 
spermine and spermidine, etc.; (b) acid addition salts 
formed with inorganic acids, for example hydrochloric acid, 
hydrobromic a=id, sulfuric acid, phosphoric acid, nitric 
acid and the like; (c) salts formed with organic acids 
25 such as, for example, acetic acid, oxalic acid, tartaric 
acid, succinic acid, maleic acid, fumaric acid, gluconic 
acid, citric acid, mail, acid, ascorbic acid, benzoic acid, 
tannic acid, palmitic acid, algimc acid, polyglutamic 
acid, naphthalenesulfonic acid, methanesulfonic acid, 
30 p-toluenesuifomc acid, naphthaieneai sul f onic acid, 

polygalacturonic acid, and the like; and (d) salts formed 
from elemental anions such as chlorine, bromine, and 
iodine . 

The antisense compounds of the present invention can 
35 be utilized for diagnostics, therapeutics., prophylaxis and 
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as research l - agents and kits. Far therapeutics, an 
animal, preieracly a nunan, suspected of havinu a disease 
c-i disorder which can be treated by modulating the 
expression of Oertrin is treated by administering antisense 
5 compounds in accordance with this invention. The compounds 
c: the invention can be utilized in pna rmaceut real 
compositions by acidir: j an effective amcunt c£ an antisense 
compound to a suitable pharmaceutical ly acceptable diluent 
cr carrier. Use of the antisense compounds and methods of 

10 the invention may also be usefuj prophylact ical ly , e.g., to 
pi event or delay infection, inflammation or tumor 
formation, for example. 

The antisense compounds of the invention are useful 
for research and diagnostics, because these compounds 

15 hybridize to nucleic aci'zs encoding Sentrin, enabling 
Sandwich and other assays to easily be constructed to 
exploit this fact. Hybridization of the antisense 
oligonucleotides of trie invention with a nucleic acid 
encoding Gentrin can be delected by means known in the art. 

20 £uch means may include conjugation of an enzyme to the 

oligonucleotide, radi oiabell ing of the oligonucleotide or 
any other suitable detection me ans. Puts using such 
detection means zoz detecting the level of Sentrin m a 
sample may also be prepared. 

25 The present invention also includes pharmaceutical 

compositions and formulations which include the antisense 
compounds of the invention. T he pharmaceutical 
compositions of the present invention may be administered 
in a number of ways depending upon whether local or 

30 systemic treatment is c.esi rec a no. jp-:n the area to be 
treated. Administration may be topical (including 
ophthalmic and tc mucous T>e mbrao.es including vaginal and 
rectal delivery';, pulmonary, e.g., by inhalation or 
insufflation cf powders or aerosols, including by 

35 nerulizer; intratracheal, intranasal, epidermal and 
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transdermal) , oral or parenteral. Parenteral 
administration includes intravenous, intraarterial, 
subcutaneous, intraperitoneal or intramuscular injection or 
infusion; or intracranial, e.g., intrathecal or 
5 intraventricular, administration. Oligonucleotides with at 
least one 2 ' -O-methoxyethyl modification are believed to be 
particularly useful for oral administration. 

Pharmaceutical compositions and f emulations for 
topical administration may include transdermal patches, 
ointments, lotions, creams, gels, drops, suppositories, 
sprays, liquids and powders. Conventional pharmaceutical 
carriers, aqueous, powder or oily base,, thickeners and tne 
like may be necessary or desirable. Coated condoms, gloves 
and the like may also be useful. 
15 Compositions and formulations for oral administration 

include powders or granules, suspensions or solutions in 
water or non-aqueous media, capsules, sachets or tablets. 
Thickeners, flavoring agents, diluents, emulsifiers, 
dispersing aids oi binders may be desirable. 

Compositions and formulations for parenteral, 
intrathecal or intraventricular administration may include 
sterile aqueous solutions which may also contain buffers, 
diluents and other suitable additives such as, but not 
limited to, penetration enhancers, carrier compounds and 
25 other pharmaceutics Lly acceptable carriers or excipients. 

Pharmaceutical compositions of the present invention 
include, but are not limited to, solutions, emulsions, and 
liposome-containing formulations. These compositions may- 
be generated from a variety of components that include, but 
30 are not limited to, preformed liquids, self-emulsifying 
solids and self -emulsifying semisolids. 

The pharmaceutical formulations of the present 
invention, which may conveniently be presented in unit 
dosage form, may be prepared according to conventional 
35 techniques well known in the pharmaceutical industry. Such 
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techniques m elude the step e: bringing into association 
the active i n g r e a i e n t s with me pharmaceutical carrier (si 
or exeipient ( s ) . In general the formulations are prepared 
by uniformly and intimatel y bringing into association the 
active ingredients with liquid carriers or finely divided 
solid carriers cr both, and then, if necessary, shaping the 
product . 

The compositions of the present invention may be 
formulated into any of many possible dosage forms such as, 
but not limited to, tablets, capsules, liquid syrups, soft 
--els, suppositories, and enemas. The compositions of the 
r resent invention may also be formulated as suspensions in 
aqueous, non-aqueous or mixed media. Aqueous suspensions 
may further contain substances which increase the viscosity 
of the suspension including, for example, sodium 
ca rboxymet hylce 1 1 ul ose , sorbitol and /or dext ran . The 
suspension may also contain stabilizers. 

In one embodiment of the present invention the 
pharmaceutical compositions may be formulated and used as 
foams. Pharmaceutical foams include formulations such as, 
tut not limited t:>, emulsions, mi croemul s i ons , creams, 
jellies and liposomes. While basically similar in nature 
these formulations vary in the components and the 
consistency of the final product. The preparation of such 
compositions and formulations is generally known to those 
skilled in the pharmaceutical and formulation arts and may 
be applied to the formulation of the compositions of the 
present invent! o n . 
Emu 1 s i ons 

The compositions of the present invention may be 
prepared and formulated as emulsions. Emulsions are 
typicallv heterogenous systems of one liquid dispersed in 
another in the form of droplets usual] y exceeding 0.1 um in 
diameter. ! I dson , in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.;, 1988, Marcel Dekker, 
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inc., New York, N.Y., volume 1, p. 199; Rosoff, in 
Pharmaceutical Dosage Forms, Lieberman, Rieger and Banker 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., Volume 
1, P . 245; Block m Pharmaceutical Dosage Forms, Lieberman, 
F.leger and Banker (Eds.), 1988, Marcel Dekker, Inc., New 
York, N.Y., volume 2, p. 335; Kiguchi et al., in 
Remington's Pharmaceur ical Sciences, Mack Publishing Co., 
Easton, PA, 1985, p. 301). Emulsions are often biphasic 
systems comprising of two immiscible liquid phases 
intimately mixed and dispersed with each other. In 
general, emulsions may be either water- in-oil (w/o) or of 
rhs oil-m-water (o/w) variety. When an aqueous phase is 
finely divided into and dispersed as minute droplets into a 
bulk oily phase the resulting composition is called a 
water-in-oil (w/o. emulsion. Alternatively, when an oily 
ohase is finely divided into and aispersed as minute 
droplets into a bulk aqueous phase the resulting 
composition is called an oil-in-water (o/w) emulsion. 
Emulsions may contain additional components in addition to 
the dispersed phases and the active drug which may be 
present as a solution in either the aqueous phase, oily 
phase or itself as a separate phase. Pharmaceutical 
exripi-nts such as emulsifiers, stabilizers, dyes, and 
anti-oxidants may also be present in emulsions as needed. 
Pharmaceutical emulsions may also be multiple emulsions 
that are comprised of more than two phases such as, for 
example, in the case of oil-in-water-in-oil (o/w/o) and 
water-in-oil-in-water (w/o/w) emulsions. Such complex 
formulations cften provide certain advantages that simple 
binary emulsions do not. Multiple emulsions in which 
individual oil droplets of an o/w emulsion enclose small 
water droplets ccnstitute a w/o/w emulsion. Likewise a 
system of oil droplets enclosed in globules of water 
stabilized in an oily continuous provides an o/w/o 
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Emulsions are cnaracterized by little or no 
thermodynamic stability. Often, the dispersed or 
discontinuous phase of the err 12 1. s 1 or is well dispersed into 
the external or continuous phase and maintained in this 
form through the means of emuisifiers or the viscosity of 
the formulation. Either of the phases of the emulsion may 
be a semisolid or a solid, as is the case of emulsion-style 
ointment bases and creams. Other means of stabilizing 
emulsions entail the use of emuisifiers that may be 
mcorporatec into either phase of the emulsion. 
Emuisifiers may broadly be classified into four categories: 
synthetic surfactants, naturally occurring e m ulsifiors, 
absorption bases, and finely dispersed sclids (Idson, in 
D:\armaceutical Dosage Forms, Lieberman, Fieger and Banker 
•Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volume 

: f p . 19 9). 

Synthetic surfactants, also known as surface active 
,i.;er.ts, nave found wido- applicability in the formulation of 
emulsions and have been reviewed in the literature (Rieger, 
: :s Pharmaceutical Dosage Forms, Lieberman, Pieger and 
bunker {Eos.;, 1988, Marcel Dekker, Inc., New York, N.Y., 
volume 1, p. 2 8 5; Idson, in Pharmaceutical Dosage Forms, 
Lieberman, Fieger and Banker (Eds.), Marcel Dekker, Inc., 
New York, N.Y., 1988, volume 1, p. 199). Surfactants are 
typically amphophilic and comprise a nydrcphilic and a 
hydrophobic portion. The ratio of the hydrophilic to the 
hydrophobic nature of the surfactant has been termed the 
hydrophile/ : ipophile balance ■ H LB ) and is a variable tool 
in categorizing a no selecting surfactants m the 
preparation of formulations. Surfactants may be classified 
:nto different classes based on the nature of the 
nydrcphilic group: nonicni :., anionic, cationic and 
amphoteric (Rieger, in Pharu.acent lea 1 Dosage Forms, 
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Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, 
Inc., New York, N.Y., volume 1, p. 285). 

Naturally occurring emulsif iers used in emulsion 
formulations include lanolin, beeswax, phosphatides, 
b lecithin and acacia. Absorption bases possess hydrophilic 
properties such that they can soak up water to form w/o 
emulsions yet retain their semisolid consistencies, such as 
anhydrous lanolin and hydrophilic petrolatum. Finely 
divided solids have also been used as good emulsifiers 
10 especially in combination with surfactants and in viscous 
preparations. These include polar inorganic solids, such 
as heavy metal hydroxides, nonsweiiing clays such as 
bentomte, attapulgite, hectorite, kaolin, nontmorillonite, 
colloidal aluminum silicate and colloidal magnesium 
15 aluminum silicate, pigments and nonpolar solids such as 
carbon or glyceryl tristearate. 

A large variety of non-emulsirymg materials are also 
included in emulsion formulations and contribute to the 

r^K,., inrlnne f a 1" S , Ol Is, waxes, 

properties or einjitiuns. i.n<=.~.c — - 

20 fatty acids, fatty alcohols, fatty esters, humectants, 
hydrophilic colloids, preservatives and antioxidants 
i Block, in Pharmaceutical Dosage Forms, Lieberman, F.ieger 
and banker (Eds.), 1988, Marcel Dekker, Inc., New York, 
P.Y., volume 1, p. 335; Idson, in Pharmaceutical Dosage 
25 Dorms, Lieberman, F ieger and Banker (Eds.), 1988, Marcel 
Dekker, Inc., New York, N.Y., volume 1, p. 199). 

Hydrophilic colloids or hydrocolloids include 
naturally occurring gums and synthetic polymers such as 
po! "saccharides (f-r example, acacia, agar, alginic acid, 
30 carrageenan, guar gum, karaya gum, and tragacanth), 

cellulose derivatives (for example, carboxymethylcellul ase 
and carboxypropylcellulose) , and synthetic polymers (for 
example, carbomers, cellulose ethers, and carboxyvinyl 
polymers) . These disperse or swell in water to form 
35 colloidal solutions that stabilize emulsions by forming 
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strong interfacial ::lr.s around r^e di sper sed- phase 
droplets and by increasing the viscosity or the external 
phase . 

Since emulsions often contain a number of ingredients 
5 such as carbohydrates, proteins, sterols and phosphatides 
that may readily support the growth of microbes, these 
f ormulat ions often incorporate preservat ives . Commonly 
used preservatives included in emulsion formulations 
include methyl paraben, propyl paraben, quaternary ammonium 
salts, ber.zalkonium chloride, esters of p-nyarox ybenzoic 
arid, and boric acic. Antioxidants are also commonly added 
t j emulsion formulations to prevent, deterioration of the 
f ormulat i n . Ant 1 oxicant s used may be free racical 
scavengers such as tocopherols, alkyl gallates, butylated 
h ydroxy an i sc Le , but via t ed h ycroxyt oluene , or reducing 
agents each as ascorbic acid and sodium me t abisu 1 f i t e , and 
antioxidant synergists such as citric acid, tartaric acid, 
and 1 e c i t h i n . 

The application of emulsion formulations via 
derma to logical , oral and parenteral routes and met nods for 
their manufacture have been reviewed in the literature 
(Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger 
a nil Banner (Eds.), 1988, Marcel Dekker, Inc., New York, 
K.Y., volume 1, p. 199) . Emulsion formulations for oral 
delivery nave been very widely used because of reasons of 
ease of formulation, efficacy from an absorption and 
bioavailability standpoint . 'Rosof f , in Pharma r.eut z cal 
Dosage Forms, Lieberman.. Rieger and Banker (Eds.,', 1988, 
Marcel Dekker, Inc., New York, N.Y., volume 1, p. ."45; 
Jason, in Pharmaceutical Dosage Forms, Lieberman, Rieger 
and Banker (Eds.), 1988, Marcel Dekker, Inc., New York, 

. Y . , volume 1, p. 199). Mineral-oil base laxatives, oil- 
soluble vitamins and nigh fat nutritive preparations are 
among the materials that have commonly been administered 
5 c rally as o/w emulsions. 
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In one embodiment of the present invention, the 
compositions of oligonucleotides and nucleic acids are 
formulated as microemulsions . A microemulsion may be 
defined as a system of water, oil and amphiphile which is a 
5 single optically isotropic and thermodynamically stable 
liquid solution (F.osoff, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, 
Inc., New York, N.Y., volume 1, p. 245). Typically 
microemulsions are systems that are prepared by first 
10 dispersing an oil in an aqueous surfactant solution and 
then adding a sufficient amount of a fourth component, 
generally an intermediate chain-length alcohol to form a 
transparent system. Therefore, microemulsions have also 
been described as thermodynamically stable, isotropically 
lb clear dispersions of two immiscible liquids that are 

stabilized by interfacial films of surface-active molecules 
(Leung and Shah, in: Controlled Release of Drugs: Polymers 
and Aggregate Systems, Rosoff, M . , Ed., 1989, VCH 
Publishers, New York, pages 185-215). Microemulsions 
20 commonly are prepared via a combination of three to five 
components that include oil, water, surfactant, 
cosurfactant and electrolyte. Whether the microemulsion is 
of the water-in-oil (w/o) or an oil-in-water (o/w) type is 
dependent on the properties of the oil and surfactant used 
25 and on the structure and geometric packing of the polar 
heads and hydrocarbon tails of the surfactant molecules 
(Schott, in Remington's Pharmaceutical Sciences, Mack 
Publishing Co., Easton, PA, 1985, p. 271). 

The phenomenolcgical approach utilizing phase diagrams 
30 has been extensively studied and has yielded a 

comprehensive knowledge, to one skilled in the art, of how 
tc formulate microemulsions 'Rosoff, in Pharmaceutical 
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, 
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 2 4 5; 
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Block, in Pharmaceutical Dcsage Forms. Lieberoian, Rieger 
and Banker (Eds.), 1988, Marcel Cekker, In:., New York, 
N.Y., volume 1, t. 335;. Ccx.pared to conventional 
erjlsions, mi rr oemul si ons offer the advantage of 
soiubiiizing water-insoluble drugs in a formulation of 
thermodynamically stable droplets that are formed 
spontaneously . 

Surfactants used in the preparation cf mic roemul sions 
include, but are not limited to, ionic surfactants, non- 
ionic surfactants, Brij 96, pol yoxyet h yl er.e oleyl ethers, 
poiyglycerol fatty acid esters, t etr agly cerol mono If rate 
(HL310) , tetraglycer oi monocleate (MO310), hexaglyctrol 
monooleate (FO310) , hexagl ycerol pentaoieate (POSOO), 
aecaglycerol mcnocaprate (MCA750), decaqlycerol monooleate 
(MC7rO) , decaqlycerol sequioleate (SO750), decaqlycerol 
decaoleate ..DAO":;']) , alone or in combination with 
CDsurfactaritn "he cosur f act an t , usually a short-chain 
al-ohol such a- ethanol, 1-propanol, and 1-butanol, serves 
to increase the interracial fluidity by penetrating into 
the surfactant film and consequently creating a disordered 
film because ot the void space generated among surfactant 
molecules. Microemuls ions may, however, be prepared 
without the use of cosur fact ant s ana alcohol-free self- 
emuisifymg rr i cr oemul s i on systems are known in the art. 
The aqueous please may typically be, but is not limited to, 
water, an aqueous solution of the drug, glycerol, PEG300, 
F'EG^CO, pol yr; 1 ycerol s , prcpyiene glycols, and derivatives 
ci ethylene glycol. The oil phase may include, but is not 
limited to, materials such as Captex 300, Captex 355, 
::anmur MCI-:, fatty acid esters , medium chain (Cc-ClsO mono, 
di, and trj-glycerid.es, pol yoxyethylat ed glyceryl fatty 
acid esters, "atty alcohols, pol yglycol i zed qiycerides, 
saturated po iygl ycol i zed C8-C1C glycerides, vegetable oils 
a r ; c s i 1 1 ic n e o i 1 . 

Mi cr oemlsions are particularly of interest from the 
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standpoint of drug solubilization and the enhanced 

., 0 „ r. f oruas. Lipid based microemulsrons .both o/w 

and w/o) have been proposed to enhance the oral 
bioavailability of drugs, including peptides 
5 (Constancies et al., ?na rmaceut ica 1 FesearcH, 1994, 11, 

., it-;--' F^n Cii'n. Pharmacol., 

1385-1390; Ritschel, Met/j. Fmu. £.«p. 

1993 13 ?05). Microemulsions afford advantages of 
imp roved' drug solubilization, protection of drug fro, 
enzymatic hydrolysis, possible enhancement of drug 
, b ,orotion due to surfactant-induced alterations in 
membrane fluidity and permeability, ease of preparation, 
eaS e of oral administration over solid dosage forms, 
improved clinical potency, and decreased tc: < 1Clty 
(Constantinides et al., Pharmaceutical Research, 1994, 11, 

7 - f , rir Sri 1996, S3, 138-143). Often 
1385; Ho et al., J- tnariz. o ' 

mfc roemulsions may fern spontaneously when .ho P- 

7r.'brou 9 ht together at ambient temperature. This may « 
particularly advantageous when ..^ thermo abi 
drugs, peptides or oligonucleotides. mic 

also been effective in the transdermal delivery of active 
components in both cosmetic and pharmaceutical 
applications. It is expected that the microemulsion 
compositions and formulations of the present invention 
facilitate the increasec systemic absorption of 
oligonucleotides and nucleic acids from the 
gastrointestinal tract, as well as improve the local 
cellular uptake of oligonucleotides and nucleic acids 
within the gastrointestinal tract, vagina, buccal cavity 
and other areas of administration. 

Microemulsions of the present invention may also 
contain additional components and additives such as 
s ; rb itan monostearate flriil 3,, L.br«ol. and penetration 
,; ba .,.„ to imorove the properties of the formulation and 
to enhance the absorption of the oligonucleotides and 
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nucleic a c 1 d s of the presen: i n v e r. t i c :~: . Penetration 
enhancers used m trie nicroenul £ i ons of the present 
invention may be classified as belonging to one of five 
broad categories - surfactants, fatty acids, bile salts, 
5 chelating agents, and non-chela ti ng non-surfactants (Lee et 
al . , Crizical Reviews in Therapeutic Drug Carrier Systems, 
1991, p. 92). Each of these classes has been discussed 
above . 
Lipo s omes 

10 There are many 'Organized surfactant structures besides 

microemul sions that nave beer, studied and used for' the 
formulation of drugs. These include monolayers, micelles, 
bilayers and vesicles. Vesicles, such as liposomes, have 
attracted great interest because of their specificity and 

15 tne duration of action they offer from the standpoint of 

drug delivery. As used in the present invention, the term 
"liposome" means a vesicle composed of amphiphilic lipids 
arranged in a spherical bi layer or bilayers. 

Liposomes are unilamellar or multilamellar vesicles 

20 which have a membrane formed from a lipophilic material and 
an aqueous interior. The aqueous portion contains the 
composition to dg delivered. Cat ionic liposomes possess 
tne advantage of being aole to fuse to the ceil waii. Non- 
cationic liposomes, although not able to fuse as 

25 efficiently with the ceil wall, are taken up by macrophages 
in vivo. 

In order to cross intact manorial ian skin, lipic 
vesicles must pas= through a series of fine pores, each 
with a diame.t-i lose char 5 0 rut, maer tne influence c: a 
30 suitable transdermal -gradient. Therefore, it is oesirable 
t: use a liposome vjhizh is highly deformable ana able to 
pass through i rrh fine pores. 

further advantages of liposomes include; liposomes 
obtained from natural phospholipids are biocompatible and 
55 hi cdegr - dable ; liposomes can incorporate a wide range of 
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water and lipid soluble drugs; liposomes can protect 

; r th.ir intPrnal compartments from 
encapsuiatcu - - — 

metabolism and degradation (Rosoff, m Pharmaceutical 
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, 

3 Marcel Dekker, Inc., New York, N.Y., volume 1, P - 245). 
important considerations in the preparation of liposome 
formulations are the lipid surface charge, vesicle size and 
the aqueous volume of the liposomes. 

Liposomes are useful for the transfer and delivery of 

0 active ingredients to the site of action. Because the 
liposomal membrane is structurally similar to biological 
membranes, when liposomes are applied to a tissue, the 
liposomes start to merge with the cellular membranes. As 
the merging of the liposome and cell progresses, the 

5 liposomal contents are emptied into the cell where the 

active agent may act. 

Liposomal formulations have been the focus of 
extensive investigation as the mode of delivery for many 
drugs. There is growing evidence that for topical 
>0 administration, liposomes present several advantages over 
other formulations. Such advantages include reduced side- 
effects related to high systemic absorption of the 
administered drug, increased accumulation of the 
administered dru, at the desired target, and the ability to 
25 administer a wide variety of drugs, both hydrophilic and 
hydrophobic, into the skin. 

Several reports have detailed the ability of liposomes 
to deliver agents including high-molecular weight DNA into 
the skin. Compounds including analgesics, antibodies, 
30 hormones and high-molecular weight DMAs have been 

administered to the skin. The majority of applications 
resulted in the targeting of the upper epidermis. 

Liposomes fail into two broad classes. Cationic 
liposomes are positively charged liposomes which interact 
35 with the negatively charged DNA molecules to form a stable 
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simplex. The positively charged DNA/lipcsome complex binds 
r.o the negatively charged cell surface and is internalized 
m an endosome. Due to the acidic pH within the endosome, 
the liposomes are ruptured, releasing their contents into 

5 the cell cytoplasm (Wang at al., Biochen. Biophys . Res 
Commun. , 1987, 14" 1 , 980-935). 

Liposomes which are pH -sensitive or 
negatively-charged, entrap DNA rather than complex with it. 
Since both the DNA and the lipid are similarly charged, 
.0 repulsion rather than complex formation occurs. 

Nevertheless, some DNA is entrapped within the aaueous 
interior c f these liposomes. pH-sensitive liposomes have 
been used to deliver DNA encoding the thymidine kinase gene 
to cell monolayers in culture. Expression of the exogenous 

5 gene was detected in the target cells (Zhcu et al . . Journal 
of Control led Release, 1992, 19, 269-274). 

One major typo of liposomal composition includes 
phosphol ipi ds other than natural 1 y- derived 

phosphatidylcholine . Neutral 1 iposome compositions, for 
] example, can be formed from dimyristoyl phosphatidylcholine 
fDMPC) or aipalmitoyl phc spha t iay 1 chol me (DPPC). Anionic 
liposome compositions Generally are formed from dimyristoyl 
phospha t ioylg 1 yce r ol , while anionic fusogenic liposomes are 
formed primarily from diolecyl phospha t idyl ethanolamine 
(DOPE). Another type of liposomal composition is formed 
from phc spha t idyl chol ine (PC) such as, fcr example, soybean 
PC, ano egg PC. Another type is formed from mixtures of 
phosphol lpid and/or phosphat i dylcnolme and/c r cholesterol . 

S •=• v e r a I studies have assessed the t o o i c a 1 deli v e r v o f 
lipcsomal drug formulations to the skin. Application of 
liposomes containing interferon to guinea pig skin resulted 
in a reduction of skin herpes sores while delivery of 
interferon via other means (e.g. as a solution or as an 
emulsion,, were ineffective (Weiner er al., Journal of Drug 
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Targezing, 1992, 2, 405-410) . Further, an additional study 
Letted the efficacy of interferon administered as part of a 
liposomal formulation to the administration of interferon 
using an aqueous system, and concluded that the liposomal 
5 formulation was superior tj aqueous administration (du 
Plessis et al., Antiviral Research, 1992, 18, 259-265). 

Non-ionic liposomal systems have also been examined to 
determine their utility in the delivery of drugs to the 
skin, in particular systems comprising non-ionic surfactant 
0 and cholesterol. Non-ionic liposomal formulations 
comprising Nova some™ I (glyceryl 

di-aurate/ cnclesteiui / pOiyjAvc ^ l ;- LCjit v - j - ^ • 

K ova some™ II (glyceryl distearate/ 

cholesterol/polyoxyethylene-lO-stearyl ether) were usee to 
5 aeiiver cyclosporin- A intc the dermis of mouse skin. 

Fesults indicated that such non-ionic liposomal systems 
were effective in facilitating the deposition of 
cyclosporm-A into different layers of the skin (Hu et al . 
5. T. F. Pharma . Sci., 1994, 4, 6, 466). 
20 Liposomes also include "sterically stabilized" 

liposomes, a term which, as used herein, refers to 
liposomes comprising one or more specialized lipids that, 
when incorporated into liposomes, result in enhanced 
circulation lifetimes relative to liposomes lacking such 
25 specialized lipids. Examples of sterically stabilized 

liposomes are those in which part of the vesicle- forming 
lipid portion of the liposome (A) comprises one or more 
glycclipicts, such as monosiaicganglioside G, :3 , or (B) is 
ierivatizeci with one or mire hydrophilic polymers, such as 
30 a polyethylene glycol (PEG) moiety. While not wishing to 

be bound by any particular theory, it is thought in the art 
that, at least for sterically stabilized liposomes 
containing gangliosid.es, sphingomyelin, or PEG-der i vat i zed 
lipids, the enhanced circulation half-life of these 
35 sterically stabilized liposomes derives from a reduced 
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uptake into cells of the reticuloendothelial sysie rr; (RES • 
(Allen et a. I . , FE3S Letters, 1987, 223, 42; Wu et al., 
Cancer Research, 1993, 53, 3765). Various liposomes 

comprising one or more glyco lipids are known in the art. 
5 Papahad j opouics ez al. {Ann. N.Y. Acad. Sci., 1987, 507 , 
64) reported the ability of monosialoganglic side G.. : , 
gaiactocereoroside sulfate ana phospnat idyiinosi tol to 
improve blood half-lives of liposomes. These findings were 
expounded upon by Gabizcn et al. ( Proc . Natl. Acad, Sci. 

1C U.S.A., 1988, 85, 6 94 9). U.S. Patent No. 4,837,028 and WO 
8S/C4924, both to Allen et al., disclose liposomes 
comprising (1) sphingomyelin anci (2) the ganglioside G- or a 
gal actocerebroside sulfate ester. U.S. Patent No. 
5, 543, 1 E 2 (Webb et al.) discloses liposomes comprising 

15 sphingomyelin. Liposomes comprising 1,2- sn- 

dimyrist oyiphc sphatidylcholine are disclosed in WO 97/13499 
( L i m et a 1 . ) . 

K a V: y 1 1 p 0' s ome s c c-mp rising lipids derivatized with one 
or more hydrophilic polymers , aria methods of preparation 

2 0 :nereol , are known in the art. S u n amo to et a 1 . i Bull . 
Chen:. Soc. Jpn . , 1980, 52, 2 77 8) described liposomes 
c omrri s: no a nonioric detercient, 2 C . 1 5 G , that contains a 
PEG moiety. Ilium et al . ( FEES Lett., 1984, 167, 19) noted 
that hydrophilic coating of polystyrene particles with 

25 polymeric glycols results m significantly enhanced blood 
half-lives. Synthetic phospholipids modified by tne 
attachment of carboxylic groups of polyai kyiene glycols 
(e.g., PEG) are described by Sears (U.S. Patent Nos . 
4,42 6,23 0 and 4 , 5 j> 4 , c 9 9 : . r'.lioanov et a 1 . ; FES 5 Lett., 

3C 1990, 268, 225) described experiments demonstrating that 
liposome s compr i sing phosphat idy let hanoi amine ( PE ) 
derivatized with PEG or PEG stearate have significant 
increases in blood circulation naif-lives. Blume et al. 
[ Biocnimica ez Bicphys ica Acta, 1990, 1 029, 91) extended 
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such observations to other PEG-de ri va t i zed phospholipids, 
e g. , DSPE-PEG, formed from the combination of 
di s tea roylphosphat idyl et hand amine ( D5PE) and PEG . 
Liposomes having ccvalently bound PEG moieties on their 
external surface are described in European Patent Ho . EP 0 
44 5 131 Bi and WO SO/04384 to Fisher. Liposome 
compositions containing 1-20 mole percent of PE der i vat i zed 
with PEG, and methods of use thereof, are described by 
Woodle et al. (U.S. Patent Mos. 5,013,556 and 5,356,633) 
and Martin et al . (U.S. Patent No. 5, 213, 304 and European 
Patent No. EP 0 496 £12 Bl). Liposomes comprising a number 
of ether lip id-polymer conjugates are c.iscioseo. in WO 
91/05545 and U.S. Patent No. 5,225,212 (both to Martin et 
al.) and in WO 94/20072 (Zalipsky et al.) Liposomes 
comprising PEG-modi f iec ceramide lipids ai e described in WO 
-r/10391 (Choi et si.). U.S. Patent Nos . 5,540,935 
•Xiyazaki et ai.) and 9,556,948 (Tagawa et ai.) describe 
I" EG - containing liposomes that can be further derivaiized 
with functional moieties on their surfaces. 

A limited number of liposomes comprising nucleic aoxds 
a:- known in the art. WO 96/40062 to Thierry et al. 
r:ii mioses methods for encapsulating high molecular weight 
r:u:Jeic acids in liposomes. U.S. Patent No. 5,264,221 to 
Tagawa et al . discloses protein-bonded liposomes and 
asserts that the contents of such liposomes may include an 
an t l sense RNA . U.S. Patent No. 5,665,710 to Rahman et ai. 
describes certain methods of encapsulating 

ol iaodeoxynucleot ides in liposomes. WO 97/04787 to Love et 
discloses liposomes comprising antisense 
0 oligonucleotides targeted to tne raf gene. 

Trans fer somes are yet another type of liposomes, and 
are highly def ormabie lipid aggregates which are attractive 
candidates for drug delivery vehicles. Trans fer somes may 
oe described as lipid droplets which are so highly 
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def crmable that they are easily able cc penetrate through 
pores which are smaller than trie droplet. Transfer somes 
are adaptable to the environment in which they are used, 
e.g. they are sel f -optimizing (adaptive to the shape of 
5 pores in the skin) , self -repairing, frequently reach their 
targets without fragmenting, and often self-loading. To 
make transfer somes it is possible to add surface edge- 
aotivators, usually surfactants, to a standard liposomal 
composition. Trans fersomes have been used to deliver serum 
10 albumin to the skin. The transf er some-mediated delivery of 
serum albumin has been shown to be as effective as 
subcutaneous injection of a solution containing serum 
albumin . 

Surfactants find wide application in formulations such 
15 as emulsions (including microemulsions] and liposomes. The 
most common way of classifying and ranking the properties 
of the many different types of surfactants, both natural 
and synthetic, is by the use of the hydrophile/Iipophile 
balance (HLB) . The nature of the hydrophilic group (also 
20 known as the "head") provides the most useful means for 

categorizing the different surfactants used in formulations 
;Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, 
Inc., New York, NY, 1938, p. 285). 

If the surfactant mclecuie is not ionized, it is 
25 classified as a nonionic surfactant. Nonionic surfactants 
find wide application in pharmaceutical and cosmetic 
products and are usable over a wide range of pK values. In 
general their HLB values range from 2 to about 18 depending 
cn their structure. Nonionic surfactants include nonionic 
30 esters such as ethylene glycol esters, propylene glycol 
esters, glyceryl esters, polyglyceryl esters, sorbitan 
esters, sucrose esters, and ethoxylated esters. Nonionic 
alkanolamides and ethers such as fatty alcohol ethoxylates, 
propoxylated alcohols, and e thoxyla ted/propoxyla ted block 
35 polymers are also included in this class. The 
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polycxyethylene surfactants are the most popular members of 

the nonionic surfactant class. 

If the surfactant molecule carries a negative charge 

when it is dissolved or dispersed in water, the surfactant 
5 is classified as anionic. Anionic surfactants include 

carboxylates such as soaps, acyl iactylates, acyl amides of 

amino acids, esters of sulfuric acid such as alkyl sulfates 

and ethoxylated alkyl sulfates, sulfonates such as alkyl 

benzene sulfonates, acyl iset hionates , acyl taurates and 
10 sulfosuccinates, and phosphates. The most important 

members of the anionic surfactant class are the alkyl 

sulfates and the soaps. 

If the surfactant molecule carries a positive charge 

when it is dissolved or dispersed in water, the surfactant 
15 is classified as cationic. Cationic surfactants include 

quaternary ammonium salts and ethoxylated amines. The 

quaternary ammonium salts are the most used members of this 

class . 

t- , i- - - - - ~ -C _ ~ * . ^ ^ m 1 ^ , -. 1 =, V. <~ np ahi 1 i t" O r 3 V T V 

±1 L I : e bLl lauLaiiL iuuic^uj-c wd^j l. a * c »-a ^ — «- j - - j. 

20 either a positive or negative charge, the surfactant is 

classified as amphoteric. Amphoteric surfactants include 
acrylic acid derivatives, substituted alkyiamides, N- 
aikylbetames and phosphatides. 

The use cf surfactants in drug products, formulations 
25 and in emulsions has been reviewed (Rieger, in 

Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, 
NY, 1988, p. 285) . 
Penetration Enhancers 

In one embodiment, the present invention employs 
30 various penetration enhancers to effect the efficient 

delivery :>f nucleic acids, particularly oligonucleotides, 
to the skin of animals. Most drugs are present in solution 
in both ionized and nonicnized forms. However, usually 
only lipid soluble or lipophilic drugs readily cross cell 
35 membranes. It has been discovered that even non-1 ipophilic 
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drugs ma y cross cell menb rar.es if the rr.erbrane to be 
crossed is treatea with a penetraticn enhancer. In 
addition to aiding the diffusion of nor- 1 lpophi lie drugs 
across cell membranes , penetration enhancers also enhance 

5 the permeability of lipophilic drugs. 

Penetration enhancers may be classified as belonging 
to one of five broad categories, i.e., surfactants, fatty 
acids, bile salts, chelating agents, and non-chei ating non- 
surfactants (Lee et al., Critical Reviews in Therapeutic 

0 Drug Carrier Systems, 1991, p. 92). Each of the above 

mentioned classes of penetration enhancers are aescnoed 
below in greater detail. 

Surfactants: In connection with the present invention, 
surfactants (or "surface-active agents") are chemical 
entities which, wnen dissolved in an aqueous solution, 
reduce the surface tension of the solution or the 
.nterfacial tension between the agueous solution and 
another liquid, with the result that absirption of 
oligonucleotides through the mucosa is enhanced. In 
juditicn to bile salts and fatty acids, these penetration 
enhancers include, for example, sodium lauryl sulfate, 
r 1 yoxyethylene - 9 - lauryl ether ana po i y ox y ethylene - 2 C-cetyl 
e trier ) (Lee er: al., Critical Reviews in Therapeutic Drug 
Carrier Systems, 1991, p. 92); and perfluorochemical 

o emulsions, such as FC-4 3. Takahasni et al . , J. Priarm. 
Dnarmacol., 1988, 40, 2 52). 

Fatty acids: Various fatty acids ana their derivatives 
which act as penetration enhancers include, for example, 
: 1 e o c acid, 1 a u r i ~ a c i o , :apric acre: ■ n - :t e. c a n o i o acid.*, 

0 my ri stic acid, palmitic acid, stearic acid, 1 in oleic acid, 
1 inolenic acid, dicaprate, tricaprate, monool e in f 1 - 
monooleoyl-rac-glyceroi ) , diiaurm, caprylic acid, 
ar achiaomc acid, glycerol 1-monocaprate , 1- 

dodecy 1 a za cycl chept an -2 - one , acylcarnitmes, acyichoi mes , 
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Ci.jr, alkyl esters thereof (e.g., methyl, isopropyl and t- 
butyl) , and mono- and di-glyccrides thereof (i.e., oieate, 
iaurate, caprate, myristate, palmitate, stearate, 
linoleate, etc.) (Lee et al. f Critical Reviews m 
5 Therapeutic Drug Carrier Systems, 1991, p. 92; Muranishi, 

Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 
1, 1-33; El Hariri et al., J. Pharm. Pharmacol., 1992, 44, 
651-654 ) . 

Bile salts: The physiological role of bile includes 
10 the facilitation of dispersion and absorption of lipids and 
fat-soluble vitamins (Erunton, Chapter 38 in: Goodman & 
Oilman's The Pharmacological Basis cL~ Therapeutics, 9th 
Ed., Hardman et al. Eds., McGraw-Hill , New York, 1996, pp. 
934-935). Various natural bile salts, and their synthetic 
15 derivatives, act as penetration enhancers. Thus the term 
"bile salts" includes any of the naturally occurring 
components of bile as well as any of their synthetic 
derivatives. The bile salts of the invention include, for 
example, cholic acid (or its pharmaceuticaiiy acceptable 
20 sodium salt, sodium chelate), dehydr ochol i c acid (sodium 
dehydrocholate) , deoxycholic acid (sodium deoxychoia te } , 
glucholic acid (soaium glucholate), giychoiic acid (sodium 
glycochola te ) , glycodeoxychoi ic acid (sodium 

glycodeoxychola te ) , taurochoiic acid (sodium t aurochola te ) , 
25 taurodeoxycholic acid (sodium taurodeoxychola t e ) , 
chenodeoxycholic acid (sodium chenodeoxychoia te ) , 
ursodeoxycholic acid (UDCA;, sodium tauro-2 4 , 2 5-di nydro- 
fusidate ( STDHF) , sodium g_ycodihydrof usidate and 
polyoxyethylene- 9-laury 1 ether " POE (Lee e: si. , •' • - — - 
30 Reviews in Therapeuzic Drug Carrier Systems, 1991, page 92; 
Swmyard, Chapter 39 In: Remington's Pharmaceutical 
Sciences, 18th Ed., Gennaro, ed . , Mack Publishing Co., 
Easton, PA, 1990, pages 782-783; Muranishi, Critical 
Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; 
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Yamamoto et al., J. Pharm. Exp. Thar., 1992, 2C2, 25; 
Vamashira et ai. , J. Pi: am: . Sci . , 1990, 79, 57?*-583). 

Chelating Agents: Chelating agents, as used in 
connection with the present invention, can be defined as 
5 compounds that remove metallic ions from solution by 
forming complexes therewith, with the result that 
absorption of oligonucleotides through the mucosa is 
enhanced. With regards to their use as penetration 
enhancers l n the present invention, cheJating agents have 

10 the added advantage cf also serving as DNase inhibitors, as 
most characterized DKA nucleases require a divalent metal 
icn for catalysis ana are thus inhibited by chelat i n g 
agents (Jarrett, J. Chroma toqr . , 1993, 618, 315-339). 
Chelating agents of the invention incluae but are not 

15 limited to disodium e thy lenedi aminete t r aaceta t e (EDTA), 
ritrir acid, salicylates (e.g., sodium salicylate, 5- 
methoxy sail cylate ana homovanilate ) , W-acyl derivatives of 
collagen, laureth-9 and iV- amino acyl derivatives of beta- 
ji ketones (enaminesi (Lee et al., Critical Reviews in 

20 Therapeuz i: Drug Carrier Systems, 1991, page 92; Muranishi, 
Sntical Reviews m Therapeutic Drug Carrier Systems, 1990, 
7, 1-33; Buur et al . , J. Control Rei . , 1990, 1 v , 43-51). 

Non -chelat ing non-surfactants: As useri herein, non- 
rnelatmg non-surfactant penetration enhancing compounds 

25 can be defined as compounos that demonstrate insignificant 
activity as chelating agents or as surfactants but that 
nonetheless enhance absorption of oligonucleotides through 
the alimentary mucosa (Muranishi, Critical Reviews in 
Cnerapeuz i c Drug Carrier Systems, 1990, 7, This 

30 class of penetration enhancers include, for example, 

unsaturated cyclic ureas, 1-alkyl- and 1-a 1 keny 1 a z acyclo- 
aikanone derivatives (Lee et ai., Critical Reviews in 
Tnerapeutic Drug Carrier Systems, 1991, page 92); and non- 
steroidal an ti- inflammatory agents such as diclofenac 
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sodium, indomethacin and phenylbutazone (Yamashita et al., 
J. Pharm. Pharmacol. , 1987, 39., 621-626). 

Agents that enhance uptake of oligonucleotides at the 
cellular level may also be added to the pharmaceutical and 
5 other compositions of the present invention. For example, 
cationic lipids, such as lipofectin (.Junichi et al, U.S. 
Patent No. 5,705,188), cationic glycerol derivatives, and 
polycationic molecules, such as polyiysme (Loiio et al., 
FCT Application WO 97/30731), are also known to enhance the 

10 cellular uptake of oligonucleotides. 

Other agents may be utilized t :> enhance the 
penetration of the administered nucleic a rids, including 
Glycols such as ethylene glycol and propylene glycol, 
pyrrols such as 2 -pyrrol, azones, and terpenes such as 

15 limonene and merit hone. 
Carriers 

Certain compositions of the present invention also 
incorporate carrier compounds in the formulation. As used 
herein, "carrier compound" or "carrier" can refer to a 
20 nucleic acid, or analog thereof, which is inert [i.e., does 
not possess biological activity per se) but is recognizee 
as a nucleic azic' by in vivo processes that reduce the 
bioavailability of a nucleic acic having biological 
activity by, for example, degrading the biologically active 
25 nucleic acid or promoting its removal from circulation. 
The coadministration of a nucleic acid and a carrier 
compound, typically with an excess of the latter substance, 
can result in a substantial reduction of the amount of 
nucleic acid recovered in the liver, kidney or other 
30 extracirculatcry reservoirs, presumably due to competition 
between the carrier compound and the nucleic acid for a 
common receptor. For example, the recovery of a partially 
phosphorothioate oligonucleotide in hepatic tissue can be 
reduced when it is coadministered with polyinosmic acid, 
35 dextran sulfate, poiycytidic acid or 4-acetamido- 
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4 1 isotr*iocya::o-5: i I Dene -2 , 1 1 -d: sul f cm : aciu ;Miyao e: . , 
^:i5€i^e JRes. Dev., 1995, 5, 1±5-121; Takakura e t al., 
Anzis&nse <s /Juc^ . .4cid Drug Lev., 1996, 6, 177-183). 
Excipients 

5 In contrast to a carrier compound, a "pharmaceutical 

carrier 1 ' ci "excipient" is a pharmaceut icail y acceptable 
solvent, suspending agent or any other pharmacologically 
inert vehicle for delivering one or more nucleic a c i a s to 
an animal. The excipient may be liquid or solid and is 

10 selected, with the planned manner of admmis t rat i on in 

mind, so as to provide for the desired bulk, consistency, 
etc . , when c omb i n e d w 1 1 h a nuclei c acid an d t h e o t n e r 
c ornp on e n t £ o f a given pharniaceuticdi c omp o s 1 1 1 o n . T y p i c a _ 
pharmaceutical carriers induce, but are- not limited to, 

15 binding agents (e.g., preqeia t im zed maize starcn, 

polyvinylpyrrolidone or hydroxy propyl me t h /Ice 1 1 uiose , 
etc. ' ; fillers (e.g., lactose ana other sugars, 
mi croc ry s taliine cellulose, pectin , gelatin, calcium 
sulfate, ethyl cellulose, polyacryiates or calcium nydrogen 

20 phosphate, ere.';; lubricants .e.g., magnesium szearate, 
talc, silica, CDiIoicai silicon dioxide, stearic acid, 
metallic stearates, hydroqenateo vegetable oils, corn 
starch, polyethylene glycols, sodium benzoate, sodium 
acetate, etc.); di s i n t egr ant s (e.g., starcn, sodium starch 

25 giycclate, etc.); and wetting agents {e.g., sodium iauryl 
sulphate, etc.) . 

Pharmaceuticaliy acceptable organic or in o r g a n i c 
excipient suitable for non -pa rent e r a 1 administration which 

30 used to formulate the compositions of the present 

invention. Suitable pharmaceuticaliy acceptable carriers 
include, but are not limited to, water, salt solutions, 
alcohols, polyethylene glycols, gelatin, lactose, amyiose, 
magnesium stearate, talc, silicic acid, viscous paraffin, 
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hydroxymethylcellulose, polyvinylpyrrolidone and the like. 

Formulations for topical administration of nucleic 
acids, may include sterile and non-sterile aqueous 
solutions, non-aqueous solutions in common solvents such as 
5 alcohols, or solutions cf the nucleic acids in liquid or 
solid oil bases. The solutions may also contain buffers, 
diluents and other suitable additives. Pharmaceutically 
acceptable organic or inorganic excipients suitable for 
non-parenteral administration which do not deleteriously 

10 react with nucleic acids can be used. 

Suitable pharmaceut ically acceptable excipients 
include, but are not limited to, water, salt solutions, 
aicoho-, polyethylene glycols, gelatin, lactose, amy lose, 
magnesium 5 tea rate, talc, silicic acid, vis:-: us paraffin, 

1 5 h ydrcxvmcth viceiiu lose , pel yvmy ipyrroi loone and the like. 
l ' t h e r C o rn p c > n e n t s 

The compositions of the present, invention may 
additionally contain other adjunct components 
conventionally found in pharmaceutical compositions, at 

20 their 3 r t -es t abl i s hed usage levels. Thus, for example, the 
compositions may contain additional, compatible, 
pharmaceut real i y- ac t i ve materials such as, for example, 
antipruritics, astringents, local anesthetics or 
anti-inflammatory agents, or may contain additional 

25 materials useful in physically formulating various dosage 

forms of the compositions of the present invention, such as 
dyes, flavoring agents, preservatives, antioxidants, 
opacifiers, thickening agents and stabilizers. However, 
such materials, when iadded, should not unduly interfere 

30 with the biological aonvities of the components of one 
compositions of the present invention. The formulations 
can be sterilized and, if desired, mixed with auxiliary 
agents, e.g., lubricants, preservatives, stabilizers, 
wetting agents, emuisifiers, salts for influencing osmotic 

35 pressure, buffers, colorings, flavorings and/or aromatic 
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substances and the like which o: r. o 1 deleterious 1 y interact, 
with the nuclei c acid or the formulation. 

Aqueous suspensions may contain substances which 
increase the viscosity of the suspension including, for 

5 example, sodium carboxymethyiceliuio.se, sorbitol and/or 
dextran. The suspension may also contain stabilizers. 

Certain embodiment s of the invention provide 
pharmaceutical corr.positicns containing (a) one or more 
ant l sense compounds and (b) one or more ether 

G cnemotner apeut io agents which function ty a nor -ant i sense 
mechanism. Examples of such ohemot no rapout i c a cents 
include, but are not limited to, anticancer drugs sues as 
daunc r ubic i n , da cc mc my cm , o ox o r unci n , Lieomy c i n , 
mi tcmyc in, nit roc en rr.u stare, cn i or ami: uci .1 , mc Iphai an , 

5 c y c 1 op h o s :: h amide, 6 -me r c apt op u r i n e , 6 - t h i o guanine, 
cytarabine (CA) , 5 - f 1 uorc ur ac.i 1 [ 5 - F r l ; , £ loxuridme 
fi'-FUdR) , methotrexate ( KTX ) . colchicine, vincristine, 
vinblastine, etoposioe. ceniposiae, cispiatm and 
diethylstilbestroi iDEc) . Sec, generally. Tne Merck Manual 

C of Diagnosis and Tnerapy, 15th Ed., Berkow et ai . , eds . , 
1987, Railway, N . J . , pages 120*:- 1128:. Ant i -inflammatory 
drugs, including but not limited to nonsteroidal anti- 
inflammatory drugs ana corticosteroids, arm antiviral 
drugs, including but not limited to ribivirm, viaarabme, 

5 acyclovir ana ganciclovir, may also be combined in 

compositions of the invention. See, generally, The Merck 
Manual of Diagnosis and Tnerapy, 15th Eo . , Berkow et ai . , 
eds. , 1987, Runway, N . . , pages 1-199-250*5 ana 46-49, 
respectively. . Coner no n-a r: t i sense cnemot he r apeut i c agents 

0 are also within the scope of this invention. Two cr more 
combined compounds may be used together or sequentially. 

In another r el a Leo embodiment , compositions of the 
invention may contain one or more ant i sense compounds, 
particularly oligonucleotides, targeted to a first nucleic 

5 acid and one cr more additional antisense compounds 
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targeted to a second nucleic acid target. Numerous examples 
of antisense compounds are known in the art. Two or more 
combined compounds may be used together or sequentially. 

The formulation of therapeutic compositions and their 
5 subsequent administration is believed to be within the 

skill of those in the art. Dosing is dependent on severity 
and responsiveness of the disease state to be treated, with 
the course of treatment lasting i r sin several days to 
several months, cr until a cure is effected or a diminution 

10 cr the disease state is achieved. Optimal dosing scnedules 
can oe calculated from measurements of arug accumulation in 
the body of the patient. Persons of ordinary skil- can 
easily determine optimum dosages, closing me t no do I og i e s ana 
repetition rates. Optimum dosages may vary :iependin:j on 

1 5 + : ne relative potency c f individual oligonucleotides, and 

_ _ . - r ■ - y *~ *' V- - d <- *~ -i - - r: -I V-. - : r- -. -i rP c- f AP r\ *-\ V f~, K C± 

r ; (Ji \ | qt-fisld - -u v O t3 e _> lxikU ^ C ~* k^c*_>-.^ --- 1 - *~< ^ ^ w on i -~ ; - - 

e f fective in in vitro and in v i v o animal models. 1 n 
general, dosage is from 0.01 ug to 100 g per kg of body 

20 month!'/ or yearly, or even once every 2 to 20 years. 

Persons of ordinary skill in the art can easily estimate 
repetition rates for dosing based on measured residence 
times and concentrations of tne drug in bodily fxuicis or 
tissues. rclxowmq successful treatment, it may be 

25 desirable to have the patient undergo maintenance therapy 

to prevent the recurrence of the disease' state, wherein the 
oligonucleotide is administered m maintenance doses, 
ranging from 0.01 ug to 100 g per kg cf body weight, once 
or more daily, ts once every 20 years. 

30 While the present invention nas been dessrioea witn 

specificity in accordance with certain of its preferred 
e mo o d ime n t s , the following e x a mp 1 e s serve o n i y t o 
illustrate the invention and are not intended to limit the 
same . 
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EXAMPLES 
Example 1 

Nucleoside Phosphoramidites for Oligonucleotide Synthesis 
Deoxy and 2'-alkoxy amidites 

5 2 ' -Deoxy and 2'-methoxy Deta-cyanoethyidiisopropyl 

phosphoramidites were purchased f r 3m commercial sources 
(e.g. Chemqenes, Neecham MA or Glen Research, Inc. Sterling 
VA) . Other 2 1 - C>- a 1 kcxy substituted nucleoside amidites are 
prepared as describee, in U.S. Patent 5,506,351, herein 
10 incorporated by reference. For oligonucleotides 

synthesized using 2'-alkoxy amidites, the standard cycle 
fzr unmodified oligonucleotides was utilized, except the 
wait step after pulse delivery of tetruzoie and case was 
increased to 360 se:cnds. 

1 5 Oiigo.nucie :>tides containing 5-mechyi-2 ' -deoxy cyt idine 

'5-Me-C> nucleotides were synthesized according to 
published methods [Sanghvi, et . ai . , Nucleic Acids 
Researc;:, 1993, 21, 2197-3203] using commercially available 
phosphoramidites i'Glen Research, Sterling VA or ChemGenes, 

2 0 Neednam MA) . 

2' -Fluoro amidites 

2' -Fluorodeoxyadenosine amidites 

2' -fluoro oligonucleotides were synthesized el- 
dest r i b e d previously [Kawasaki , e t . a 1 . , J. Me d . Ch e:n . , 
25 1993, 36, 831-84 1] and Unite-si States patent 5,670,633, 

herein incorporated by reference. Briefly, the protectee 
nucleoside N 6 -benzoyl -2 ? -deoxy- 2 ' - f 1 uor oadenos i ne was 
synthesized utilizing commercially available 9 -bet a-Z— 

3 0 modifying literature procedures wnereby the 2 ' - a 1 p n a - f 1 u o r c 

atom is introduced by a 3*2 -di spl acemen t of a 2 ' -be t a - t r i t y . 
group . Thus N 6 -benzoyl - 9-beta-D-arabmof uranosy 1 adenine 
was selectively protected in moderate yield as the 2 ' , 5 1 - 
aitet r ahydropyrany 1 : 7 H ? ) intermediate. Depr otection of 
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the THP and N6-benzcyl groups was accomplished using 

. r -j s „ P ^n,vinniP^ ,mri standard methods were used to 

obtain the 5 1 -dimethoxy trityl- ( DMT ) and 3--DMT-3 1 - 
phosphoramidite intermediates. 
5 2' -Fluorodeoxyguanosine 

The synthesis of 2 ' -decxy-2 ' -f luoroguanosine was 
accomplished using tet raisoprcpyldisilcxanyl (TPDS) 
protected 9-beta-D-arabinof uranosylguar.ine as starting 
material, and conversion to the intermediate di isobutyryl- 
10 arabincfuranosylguanosine. Deprotection of tne TPDS group 
was followed t y protection of the hydroxy! group with THP 
to give diiscburyryl di-THP protected 

arabinofurancsyiguanine. Selective O-deacyiatio.n and 
tnflation was followed by treatment of tne :rude product 
with fluoride, then deprotectian of the THP groups. 
Standard rr.ethoaologi.es were used to ouidi.. t.i« - " 
' - DMT -3 ' -phospnoramidir.es . 
2' -Fluorouridine 

Synthesis of 2 • -deoxy-2 ' -fluorouridine was 
oromplishea by the modification of a literature procedure 
.:. which 2,2' -anhydro-l-beta-D-arabinorurancsyiuracil was 
■ : .. at ed with 20'. hydrogen f luor ide-pyridine . Standard 
:. roredures were used to obtain the 5' -DMT and r . ' - DMT - 
' phosphoramidi tes . 
2 5 2' -Fluorodeoxycytidine 

2 ' -deoxy-2 ' -fluorocytidine was synthesized via 
animation of 2 ' -deoxy-2 ' -fluorouridine, followed by- 
selective protection to give H4 -benzoyl -2 ' -deoxy-2 
fluorocytidine. Standard procedures were used to obtain 
30 the 5 ' -DMT and 5 ' -DMT- 3 1 phosphoramidites . 

2' -O- (2-Methoxyethyl) modified amidites 

2 • _o-Methoxyethyl-substituted nucleoside amidites are 
oreoared as fellows, or alternatively, as per the methods 
of Martin, P., Helvetica Chimica Acta, 1995, 78, 466-504. 
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2,2' -An hydro [1- (beta-D-arabinof uranosy 1 ) -5- 
me thy luri dine] 

5-Methyiuridir;e ( ribcsyl thymine , commercial ly 
available through Yamasa, Choshi, Capan) (72.0 g, 0.279 M), 
5 dipnenylcarbonate ;90.0 g, 0.420 M) and sodium bicarbonate 
(7.0 g, 0.024 M) v.-ere adaea to DMF -'300 mL) . The mixture 
was heated to reflux, with stirring, allowing the evolved 
carbon dioxide gas to be released in a controlled manner. 
After 1 hour, the slightly darkened solution was 

10 concentrated under reduced pressure. The resulting syrup 
was poured into di ethyl ether (2.5 L ; , witn stirring. The 
product formed a gum. The ethei was aecanted and the 
reside o w a s a i s s o ived in a minimum amo unt z f me tnanol ( c a . 
4 0 0 mL) . The solution was poured into fresh ether (2.5 L ) 

10 to yield a stiff gum. The ethei was decanted and the gum 
was dried in a vacuum oven (60 : C at 1 mm, Hg for 24 h) to 
give a solid that was crushed to a light tan powder (57 g, 
&5V srude yield;. The MMR spectrum was consistent with the 
structure, contaminated with phenol as its sodium salt (ca. 

20 5 c c) . The material- was used as is for furtner reactions lor 
it can be purified furtner by column chromatography using a 
gradient of methanol ;. n ethyl a cetate ( 10-25- } \z give a 
white solid, mp 222-4 "C ; . 

2 ' -O-Methoxyethyl-5-methyluridine 

25 2, 2 ' -Anhydro-5-metnylur idine (195 g, O.fcl Kj, tris(2- 

methoxyethyl ; borate (231 g, 0.98 M) and 2 -met hoxye t hanoi 
(1.2 L were added co a 2 L stainless steel pressure vessel 
and placed in a pre-heated oil bath at 1G0°C. After neating 
for 42 hours at 155-1 o ri ''7 , the vessel was opened and tne 

30 solution evaporated to dryness and triturated with Me OH 

(200 mL) . The residue was suspended in hot acetone (1 Li . 
The insoluble salts were filtered, washed with acetone (150 
ml; and tht filtrate evaporated. The residue (280 gj was 
dissolved in ChuCN (500 mL ) and evaporated. A silica gel 

35 column ,3 kg: was packed in CH .CI /ace tone /MeOF f 2 C : 5 : 3 :< 
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containing U.b'h Et ,NH . The residue was dissolved in CHX1 
(250 mL ) and adsorbed onto silica (150 n) pr ior to loading 
onto the column. The product was eluted with the packing 
solvent to give 160 g (63%) of product. Additional 
5 material was obtained by reworking impure fractions. 

2 ■ -O-Methoxyethyl-5 T -O-diiuethoxytntyl-5-methyluridine 
2 « -o-Methoxyet hyl - 5-methyiuridme (160 g, 0.506 M) was 
co-evaporated with pyridine (250 mL) and the dried residue 
dissolved in pyridine (1.3 L). A first aliquot of 

10 dimethoxytrityl chloride (94.3 g, C.278 M ) was added and 
trie mixture stirred at room temperature for one hour. A 
second ci liquet of dimethoxytrityl chloride (94.3 q, 0.27R 
M) was added and the reaction stirred for an additional one 
hour. Methanol (170 mL) was then added to stop the 

15 reaction. HPLC snowed tne presence of approximately 70 l , 
pioduct. The solvent was evaporated and triturated with 
CH.CN (200 mL; . The residue was dissolved in CHC2 (1.5 L) 
ana extracted with 2x500 mL of saturated NaHCO and 2x500 mL 
of saturated NaCi . The organic phase was dneo over Na.SO,, 

20 filtered ami evaporated. 275 q cr residue was obtained. 
The residue was purified on a 3.5 Kg silica gel column, 
packed and eluted with EtOAc /hexane /ace tone (5:5:1: 
containing 0.3:: Et ,Ur. . The pure fractions were evaporated 
to give 164 g of product. Approximately 20 g additional 

25 was obtained from the impure fractions to give a total 
yield of 163 g (57%) . 

3 ? -O-Acetyl-2 ? -O-methoxyethyl-5 ' -O-dimethoxytntyl-5- 

methyluridine 

p « -n-Kethox v ethv> - ' -O-dimethoxy t r i t y 1 - 5-methvlur idine 
30 (106 g, 0.167 Mi, DM F /pyridine P50 mL of a 2:1 mixture 
prepared from 562 mL of DMF and 188 mL of pyridine: and 
acetic anhydride (2 4.38 mL, 0.25H M '■ were combined and 
stirreo at room temperature for 24 hours. The reaction was 
monitored r.y TLC by first quenching the TLC sample with the 
35 addition of Me OH . Upon completion of the reaction, as 
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juciged by TLC, MeOH ''00 ml was added arc the fixture 
evaporated at. 35 : 'C. The residue was dissolved in CHCi (800 
mL) and extractea with 2x200 mL of saturated sodium 
bicarbonate and 2x200' mL of saturated NaCl. The water 
layers were back extracted with 200 mL of CHCI.. The 
combined organize were dried with sodium sulfate and 
evaporated to give 122 q of residue (appro.-:. 90, _ product) . 
The residue was purified on a 3.0 kg silica gel column and 
eluted using E t OA r 'hexane (4:1) . Pure predict fractions were 
evaporated to yield 00 g (84V) . An additional 1.5 g was 
recovered from later fractions. 

3 ' -O-Acetyl-2 ' -O-methoxyethyl-5 * -O-dimethoxytrityl-5- 

methyl-4- triazoleundine 

A first solution was prepared by di s s o 2 v;_ ng 3 1 -<_■- 
acetyl -2 ' -O-methox yetnyi- 0 ' -O-dimeth oxytr i z yl -5- 
r-thyiuriaine t?i g, 0 .14- M) in CH.CN (70C> mL) and set 
r,side. Triethyiamine (189 mL, 1.44 Mi was addeo to a 
:• oiutnn of triazole (90 g, 1.3 10 j m CH.CN (1 L , , cooled to 
- r 0 and stirred for 0.5 n using an overhead stirrer. POC1 
w.;! idoed dropwiso , over a 30 minute per roc, to one stirred 
:".u:icn maintained at 0-10 c C, and the resulting mixture 
stir Lei for an additional 0 hours. Tne first solution was 
a cue J cropwise, over n 4 b minute period, to tne latter 
solution. The resulting reaction mixture was stored 
overnight in a cold room. Salts were filtered from tne 
reaction mixture and the solution was evaporated. The 
res: cue was dissolved in LtOAr <i L) and tne insoluble 
solids were removed by fill rat ion . Tne fix trace was washed 
with 1x300 ml. of Ha H OC and 2x300 ml of saturated NaCI , 
dried over senium sulfate ana evaporated. The residue was 
triturated with EltOAc to give the title compound. 

2 ' -O-Methoxyethyl-5 • -O-di.me thoxy tntyl- 5 - 
methylcytidine 

A sol u tier, of 3 ' -O- acet y 1 -2 ' -O-methcxye t ny 1 - 5 ' -O- 
dimethoxytr it yl- 5--met hy 1 -4 - 1 r i a zoleur idine f 103 g, 0.141 K, 
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in dioxane (500 mL) and NH,OH (30 rnL ) was stirred at room 
temoerature for 2 hours. The dioxane solution was 
evaporated and the residue azeotmped with Me OH (2x200 mL) . 
The residue was dissolved in Me OH (300 mL ) and transferred 
no a 2 liter stainless steel pressure vessel. MeOH (400 
mL) saturated with NH gas was added and the vessel heated 
to 190°C for 2 hours ( TLC showed complete conversion). The 
vessel contents were evaporated to dryness ana the residue 
was dissolved in EtOAc (500 mL) and washed once with 
saturated NaCi (200 mL; . The orgamcs were dried over 
sodium sulfate and the solvent was evaporated to :<ive 85 g 
{ 9 5 o 1 the 1 1 1 e c om p c a a d . 

N4-Benzoyl-2 1 -O-methoxyethyl-5 ' -O-dimethoxytrityl-5- 

methylcytidme 

2 ' - 2 -Me t ho x ye thy 1-2 ' -O-dimxe t noxy t r ± t y 1 - 5 -met r.y 1 - 
cvtidme (85 q, U.J. 3 4 M) was drue solved m DM F ( 8 Oh mL j and 
benz sic anhydride f37.2 g, 0.165 M • was added with 
stirring. After stirring for 3 hours, TLC showed the 
reaction to be approximately 95v complete. The solvent was 
evaporated an "J trie residue a rr.eot r sped with MeCH (200 mL ) . 
Tne residue was dissolved in CHCi . (700 mL) ana extracted 
with saturated NaHCO (2x300 mL) and saturateo NaCI (2x300 
mL,', dried over MgSO. ana evaporated to give a resioue (96 
g) . Trie residue wa- chroma tographed on a 1.5 kg silica 
column using EtOec/nexane (1:1) containing 0.5- Et .NH as the 
eiutir::: solvent. Tne pure product fractions were 
evaporated to give 10 g (90%) of the title compound. 

N4-Benzoyl-2 ' -O-methoxyethyl-5 ' -O-dimethoxy trityl-5- 

methylcytidine-3 ' -amidite 
! 1)4- Benzc y 1 - 2 1 - >met hoxye t hy 1 - I ' - O-dime thoxy t r 1 1 y 1 - i - 

methyl c\ t idme (74 -j , 0.10 M) was dissolved in CHCI (1 L). 
Tetrazcle di l sopr spy lamine (7.1 c) ano 2 -cyanoe thoxy- t e t r a - 
i isopropyi } phosphite (40.3 mL, 0.123 K) were added with 
stirnno, under a nitrogen atmosphere. The resulting 
mixture was stirred for 20 hours at room temperature (TLC 
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showed the reaction to be 95 jo^pie t e • . The reaction 
mixture was extracted w: rn saturated NaHCO (1x300 nL) and 
saturated NaCl (3xIO0 mLu . The aqueous washes were back- 
extracted with CH-.C1 ^ (3 00 mL) , and the extracts were 
ccmbined, dried over MgSCo and concentrated. The residue 
obtained was chroma tog raphed on a 1.0 kg silica column 
using EtOAc /hexane (3:1) as the e luting solvent. The pure 
fractions were combined to give 90.6 g (8^< ; of the title 
compound . 

2' -O- ( Ami no oxy ethyl ) nucleoside amidites and 2 ' -O- 
(dimethylammooxyethyl ) nucleoside amidites 

2 1 - (Dimethylammooxyethoxy) nucleoside amidites 

2 1 - f Dirr.et h y 1 ammooxye t hoxy ) nucleoside ami cites [also 
known in the art as 2 1 -O- ( dime t h y 1 aminoox ye t h y 1 ; nucieosid 
amidites] are prepared as described in the following 
paragraphs. Adenosine, cytidme and guanosine nucleoside 
amidites are prepared similarly to the thymidine (5- 
me thyluridine ; except one ex ocyci i c amines are protected 
wirh a benzoyl moiety l n one case of ade no sine and eye i dm 
and with iscbutyryl in the case of guanosine. 

5 ' -O- tert-Butyldiphenylsilyl-0 2 -2 1 -anhydro-5- 

me thy luri dine 

O -2 ' -ar.hydro-5 -met hylurioir.e (Pro. too. Srnt., Varesc 
Italy, 100. j q , 0.41 6 mmo 1 i , d i me t h y 1 am i n o p y ridme f 0 . 6 6 g , 
0.013eq, 0 . 0 0 5 4mmo 1 < were dissolved in cry pyridine (500 
ml ) at ambient temperature und-r an argon atmosphere and 
with mechanical stirring. cerc-Butyldiphenylchlorosilane 
(125.8c, 119. 0ml , l.leq, 0.458mmol) was added in one 
r cot i o n o * ■ r e ~ t i c n w as stirred f c r ] r. h or a mo i e o t_ 
temperature. TLC (Rf 0.22, ethyl acetate; indicated a 
complete reaction. Tne solution was concentrated under 
reduced pressure to a thicK oil. This was partitioned 
between dichl orome t hane (1 L) and saturated sodium 
bicarbonate -2x1 L ,. ana brine ' 1 L ) . The organic layer v;a 
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dried over sodium sulfate and concentrated under reauced 
pressure to a thick oil. The oil was dissolved in a 1:1 
mixture of ethyl acetate and ethyl ether (bOOmL) and the 
solution was cooled to 

-10°C. The resulting crystalline product was collected by 
filtration, washed with ethyl ether (3x200 mLi and dried 
(40°C, 1mm Hg, 24 h) to 149g (74.8%) of white solid. TLC 
and NMR were consistent with pure product. 

5 • -O-tert-Butyldiphenylsilyl-2 ■ -O- (2-hydroxyethyl) -5- 

mo thy iu r i dine 

In a 2 L stainless steel, unsti rrei pressure reactor 
was added ro-ane in t e t r a h ydr o f r r a n «1.0 M, 2.0 ea, 622 
mL) In the fume hood ana with manual siirnng, etnyiene 
glycol (350 mL, excess) was added cauujusiy at first until 
the evolution of hydrogen gas subsided. y-O-cert- 
Buty Idiphenylsiiyi-O -2 1 -anhydr o- 5-methy^ uridine ! 1 -\ 9 g f 
0.311 mol) and sodium bicarbonate (C .07 4 g, 0.003 eq; were 
added with manual stirring. The reactor was sealed and 
heated in an oil oath until an internal temperature ci lbC 
C was reached and then maintained for 16 n (pressure < 100 
psig) . The reaction vessel was cooled to ambient ana 
openea. TLC (Rf 0.67 for desired product and ? f O.d: for 
ar a-T side product, ethyl acetate; indicated eioojl ' u 
conversion to the product. In order to avoid additions- 
side product formation, the reaction was stopped, 
concentrated under reduced pressure (10 to 1mm Hg) in a 
warm water bath (40-100 C) with the more extreme conditions 
used to remove the ethylene glycol. [Alternatively, once 
the lev: boiling solvent is gone, the remaining solution car: 

) be partitioned between ethyl acetate and water. The 

product will be in the organic phase. 1 The residue was 
purified by column chromatography (2kg silica gei, ethy^ 
acetate-hexanes gradient 1:1 to 4:1). The appropriate 
fractions were combined, stripped and drieo to product as a 

5 white crisp foam (84g, 50%), contaminated starting material 
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; ; 7 . 4 q ) ana pure reusable starring material 2Cc. The yield 
oased on ?tarc:.na :naie::aj less pure recovered starting 
material was 5P~. TIC ana NMP were cc-sisron: with 99S 
pure product . 

5 2 1 -O- ( [2-phthalimidoxy) ethyl] -5 1 - t-buty ldiphenylsilyl- 

5 -me thy luridine 

5 ' -0-tert-Eutyidiphe:-iyl5ilyl-2 f -O- ( 2 -hydroxyet hyl ) -5- 
rne thyiur i dine (20g, 2 6 . 9 ^Piir.c.1 ) was mixed wiuh 
t r iphenyvlphosphine (:].63g. 4 4 . 2 bramcd i and N- 

0 hydroxy pht haiimide (7.24g, 44.36mmol). It was then dried 
over P O under high vacuun for two days at 4 CT 2 . The 
reaction mixture was f 1 u snec with argon ano arv TKF 
; ;u.8it;L, rddricrn sure seal bo 1 : tie ) was adaed to get a 
clear solution . Diethyl -a zod icar box via te ( £ . 98mL, 

5 4 4 . cnirnoi > was added drop wise to tne reaction mixture. The 
ra^ of addition is maintained such that resulting deep red 
coloration is just discharged before adding tne next drop. 
After the addition was complete, tne reaction was stirred 
for 4 hrs . By tnat rime TLC showed tne completion of the 

0 reaction * e t hy 1 a cet a te : nexane , 60:4C). The solvent was 
evaporated m vacuum. Residue obtained was placed on a 
flash column and eiut.ee v/ith ethyl acetate : hexar.e '60:4c;, 
t . aec 1 ' -o- ( [ 2 -ch thai i mi doxy ) et. hyl ] -5 ' - t- 

bu t yi dipnenylsii yi - 5 -met nyluridine as white foarr. ( 2 1 . 8 1 Cj - g, 

h bV: : . 

5 ' -O- tez-t~butyldiphenylsjdyl-2 ' -O- [ (2- 
formadoximinooxy) ethyl] -5-methyluridine 

2 ' -O- • \ 2-phtnalimidcxy ) ethyl 1 -5 ■ - t-but yldi phenyl si ly 1 - 

r - m ■:• t h v 1 u 1 1 u i n e 2.2c:, 4.5 mm -.. 1 was dissolve d in d r y C r I 2 1 
C ■4.5m:,: ana methyl n yarazme v300mL, 4 . 6 4 mme ... / was aodeo 
crop-wise a: -1C"C ts 0°C. After 1 h the mixture was 
filtered, the filtrate was washed with ice cold CH CI arid 
tr.e combined organic phase was washed witn water, trine and 
cried over anhydrous Ma 20,,. The solution was concentrated 
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to get 2 ' -O- ( aminooxyethy 1 ) thymidine, which was then 
dissolved m MeOH (o7.5mL). To this formaldehyde (20<c 
aqueous solution, w/w, 1.1 eq . ) was added and the resulting 
mixture was strirred for 1 h. Solvent was removed under 
v a c u am ; residue c h r oma t o t r. a p h e d to get 5'-0-tert- 
butyldiphenylsilyl-2 ■ -O- [ (2-f ormadoximmooxy ) ethyl] -5- 
methyluridme as white foam (1.95 g, 78*). 

5 ' -O- tert -Buty ldipheny lsilyl-2 ' -O- [N , N- 
dimethylaminooxyethyl] -5-methylurida.ne 
5' -O- t£Tt-butyidiphenylsilyl-2 ' -O- { (2- 
formadoximinooxy) ethyl } - 5-methyiur idme i 1.77g, j. llmmoi) 
was dissolved in a solution of 1M pyridmium p- 
f ■ Ij-nesui f onate (PPTS) in dry MeOH (20. 6mL) . Sodium 
cyanooorohydride !0.39g, 6.13mmol; was added to this 
solution a': 10'"C under inert atmosphere. The reaction 
mixture was stirred for 10 minutes at lO'C After chat the 
reaction vessel was removed from the ice bath and stirred 
at rocm temperature for 2 h, the reaction monitored by TLC 
(5% MeOH in CH CI i - Aqueous NaHCO solution (5r, lOmL; was 
added and extracteo with ethyl acetate <2x20mL;. Ethyl 
asetate phase was cried over anhydrous Ma SO,, evaporated to 
dryness. Fesidue was dissolved in a solution of IK PPTS in 
MeOH (30.6rr.L). Formaldehyde (20- w/w, 3CmL, S.l'/mmci. was 
added and the reaction mixture was stirred at room 
temperature for 10 minutes. Reaction mixture cooled to 1C 
in an ice bath, sodium cyanobor ohydr ide (0.39g, t.i3mmol> 
was added and reaction mixture stirred at 1CTC for 10 
minutes. After 10 minutes, the reaction mixture was 
removed from the ire bath ana stirred at room temperature 
) for 2 hrs. To the reaction mixture 5* NaHCO i 2 5mL ; 
solution was added and extracted with eth; r i acetate 
!2>:2 5mLi . Ethyl acetate layer was dried over anhydrous 
•, :a ..S0. and evaporated to dryness . The residue obtained was 
purified by flash column chromatography and eluted with 5* 
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MeOH in CH CI to get S ' -0- :ert-bj r. yldiphenyl si 1 yi -2 1 -O- 

[N, N - dimethyl ami n coxy ethyl ] - 5 -methyl ur i di ne as a white foam 

( 1 4 . 6g, 8 0% ■ - 

2 1 -O- (dimethylaminooxyethyl) -5 -me thy lur idine 

5 Triethylamme t r ihydrcf luoride (3.91111:,, 24.0mmol) was 

dissolved in dry THF and trie thy 1 amine (lo57mL, 12mmol, 
dry, kept over KOH). This mixture of trie thy lamine-2HF was 
then added to 5 ' -O- tert-but yldiphenylsilyl-2 ' -O- \U, N- 
dimethyiaminocxyethyl ] -5 -methyl uridine ( 1 . 40g, 2 . 4mmoi ) and 

10 stirred at room temperature for 24 hrs . Reaction was 

monitored by TLC (5% Me OH in CHyZl ). Solvent was removed 
under vacuum and the residue placed on a f^asn column and 
eluted with 10:. MeOH in CH-.01 to get 2 ' -(.)- 
( dimethylaminooxyethyl ) -5 -met hylur idine ( 7 6 bmg , c 2 . 5'i ) . 

15 5 ' -O-DMT-2 1 -O- (dimethylaminooxyethyl) -5-methyluridme 

2 ' --0- ( ai me t hyl ami noo>: ye thyl ) -5 -met hylur idine ( 750mg , 
2 . 1. 7mmc 1 J was dried over P O under high vacuum overnight at 
4 0 J C. It was then co-evapc rated with anhydrous pyridine 
■ i'OrnL) . The residue obtained was dissolved in pyridine 

20 ( 1 lmL) under argon atmosphere. 4 -dimethy i aminopyr idine 

(25. 5mg , 2 . 60mmci j , 4,4' - dime t hoxy t r 1 1 y 1 cnioriae < 680mg , 
2 . oOmmcl } was aided to the mixture and the react: Dn mixture 
was stirred at room temperature until all of the starting 
material disappeared. Pyridine was removed under vacuum 

25 and the residue chroma tographed and eluted with 10" MeOH in 
CHX1 . (containing a few drops of pyridine,) to get S'-O-DMT- 
2 ' -O- { dimethy lammo-cxye thyl i -5-methy iur idrne ( 1 . 1 3g , 80 V ; . 
5 1 -O-DMT-2 * -O- ( 2 -N , N-dime thy laminooxye thy 1 ) -5- 
methylur.idine-3 ' - [ (2-cyanoethyl) -N,N- 

3 0 diisopropylphosphoramidite] 

5 ' -O-DMT-2 T -O- ( dimethylaminooxyethyl . -5 -met hylur idine 
(i.08g, 1 . 67mmcl , was co-evaporated with roiuene f20mL). 
To the residue N , N-di i sopr opyiamrne tetrazcnide (0.29g, 
C , 67mmcl ;■ was added and dried over ? O under high vacuum 
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hr , t 40 v Then the reaction maxbure was dissolved 

° Vernl "a. ( 8 . a mL ] and 2 -oyanoeh hyl - 

in anhydrous acetonatriie r )Smmo l) 

„ „ ,„ .,-t.traisopropyiphosphoranudite (a.l.mL, b 

N,N,M r^ J t ~- J - ^ eHrrp( j at ambient 

dded Th- reaction mixture was stirred 
was ddaea. . nroqress 

<- r „ for 4 hrs under inert atmospner e . bhe p g 
5 temperature tor _^ heva ne : ethyl acetate 

* . h p reaction was monitored by TL- me- 
of the -eocao. d then the residue was 

The solvent was evaporated, ...... 

n , ir etny] aretate (70mL) and wasned wi.h -< 
dissolved m etnyi - over 

1C MaHC 0 (4 0mL). Ethyl acetate lay-. 
aqUeOUf ' " d ' rd ... ontra ted. residue obtained was 

10 anhydr ° US l ". ° ^r::: t ate as e.en,; to get S-O-BtfT- 
chromatograpnec i-th,- ■ - - hviu ridme-3 ■ - I ( 2- 

o r ,_m ^-.iimethylamincoxyetnyx)-, - , 
; n oe; h y'l ) -N, M -c i iisoprc P ylphosphora.id i ,el as a roan 



c y a 
( 1 • 0 4 



? 0 



M^inooxyethoxy) nucleo.xae a^d.tes 

' . nucleoside amidites [aiso u.^» - 

h * -.-ca,aaunooayeth y l, nccieos.de scares, «- 

^ _ ;L descsioed in she £oila»in g paragraphs. 

^:;;;.7cy« r - - cieoside amiait " *" 

prepared similarly. 

N2 - ls obu t yryl-6-0-dxphenylcarbamoyl-2 O (2 

ethylacetyl) "5 O l« r -.^i 
, (2 -cv.noe t h y a, -M^-dixsopropvlphosphora.xd.te, 

' '* -o-amnooaveshyl guanosahe analog may be 



d t „ Active 2-0-alkylation c£ dxamxnopui ana 
obtained by s.l-ct dia manopursne riboside 

rrbosioe. H»iti,r« quantities ot vld . y 

«y be purohased fro m Sobering a,. ' mBor 

,,_ efhvla cetyi. dia^ncpurine ribosaae along •> 

*~ . , .... K ■, 1 -h " Y J- ! 

SmOUnt " rib-'roe may be resolved ano eonverted ra . 

dl3minOP , auanosine by -ran adencsane 

ernyxci^ . ^ nuinosso, ( ~ • J 

, ■ , f . rd o..o-(2-ethyiacetyl)-5'-0-(4,4 
shoula arfora - 



-O- 
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dimethcxytrityl i guanosine anc :-t:-isoDUty:,i v 
aiphenylcarbamoyl-2 • -0- ; 2 -ethy lacetyi - -5 • - -^,4 
dim e t hoxycrxtyl> guanosine which .ay be reduced tc provide 
o- N -iso b u t vrvl-6-0-diphenylcarba ra oyi-2'-0-(2-ethyxacecvl ) - 

, ,._n-(.,4--dimethoxytrity.) guanosine. As before the 

^ disoia-ed by K-hydroxyphthalimide via 
hvdroxyl group may be displace c> > 

'/ Mlt suncbu rea.-t.or,, anc *. protected „u_-l.o.i« 
phosphxtylated as usual c = yield 2-H-isc bu t yry x- o-o- 
dipher.ylcaroamoyl-2 -o- ^ eJ1 >- dL " - 
1C dimethoxytr ltyl ) guanosine- 2 ' - [ i 2 - oy anoeth : . i j 
diisopropylphosphcramidite] 
Example 2 



sis 



2C 



Oligonucleotide synthes 

•invutstxtuted and substituted phosphodiester .-P-O, 
n" i gc nu "ieot ides are synthesized cn an automated 
syrth^sizer (Aoplxed Biosystems model 330B, using standaro 
phosohoramidite chemistry with nidation by icaine. 

,-->-c\ synthesized as i:r trie 

-.rt-irips r-xeppt the standard 
chosphcciester oligonucleotides ...^.^ _ ^ 

oxidation bottle was replaced oy ,.2 rf 

, - -■ -Hi rviae m acetonicrile rcr the 
b-nzodithiole-3-one dic-.ioe 

, H . rior . ~ f the Dhcsohir.6 uncages. 1— 10 

stepwise thictioi. lhw h . _ 

-v^-r-r.-i ro 6* and was ici±ov:ea o. l.p.c 

wait stet was increased to b« 

£ ~ „ r c- r; c o I uir.r. an a 

ca PP mg step. After cleavage . r ,m tne 1 ^ 

2r debicckinq m concentrated ammonium hydroxide at - - 

, ,--r-i n'rif'ed bv orecit itatmg 
h) rhp olioonucleotiaes wtre purii-ea . > . 

twice with c . - i Uil -° 

descrioec ^n 
30 reference. 

c . r irjp-= prepared as 

Alkvl Phospnonate ongonu ^eotiae. - - . 

.. * * „ ■ Par-nr *,JG5.feo?.. herein incorporated nv 
d e s c r i o e d in J . - • • • dLtIlL * ' 

re£erSnCe ' .etl.yie.e p B e, P bo»«. oli,=nu= leo,ides a C a 



y r e p g 



3' -Deoxy-3' -r?.* 
area as described in 'J - S . Patents !L, 610, 289 or 
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5 , 625.050. herein rncorporared by reference. 
' . . -toe srp nreoarea ao 

Phosphoramidite ougonuLx C u,x.- — . - 

„ ■ n - Paterr -,256,775 or U.S. Patent 
described m U.o. fate..-, 

5 366, R78, herein incorporated by reference. 
c ,,,,, pho sohonothioate oligonucleotides are prepared as 

5 nJ '^ p • , ^,. nc prT/U<=94/t0902 and 

described in published PTT applications PCT/0 

orT/«lS*3/0697G .publisher as WO 94/170*. and WO :U,0..4.„ 

respectively), herein incorporated by reference. 
respt._Lj. _ t . ^nucleotides are 

v-[,eoxy-3'-amino pnosphor amida .-igcnuci 

~ > - s d — ibed ir. U.S. Patent 5,476,925, herein 
prepared ac ^ L ^ 

_ ^ ,-. n rof ^rencs . 
mcorp:>raue^ — 

Pnospnotuesier oiigcnucie< 



10 



r e prepared as 

:co by 



described in U.o. Fa -en- 

^^'poranc. phosphate o . igonucl eoi i aes are prepareo as 

r - Uiau ^ * — i " " i Cji horn 
described m U.S. Patents 5,130,3C2 ana .,1 ~~ 

herein incorporated by reference. 
Example 3 



Oligonucleoside Synthesis 

Methvlenemethylimino linKed oi igonucleos ice s , a_s 
a= MM I linked oi igonucleosides , metny.eneai 
"nvihvdrazo linke-J oil ^nucleosides , als: ^^[^ 
elioonuclecsides, ana metnylenecaroor.^cx,...- 



3 0 



35 



MDH linKed o.iconu an ,^- 3 iin ked 

lin ^d ..ligonuciecsides, also identified as a...- 

1- identify as .»«.-« » " ' 

„,h.- as well as »i«d backbone compound ha ring, - 

aU.naun, H« anO P-0 a, P-S arnaaoes « » n:;> 
prepare d as oescrio^- 

I;,,.,,,. S.602.240 an. « = " 

h erern i„=erpor.t.d by reference 

Formacetal and t hi of ormacet a 1 1-nfced .- 
... as dessrrbed an U.S. Patents 5,_t-,.^ 

- , tl ss/ Serein incorporated by reference. 
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^h~h ^ r- u - Patent, ■ . * ^- * n^re^n — - 



2 , 2 . : , c i b , 



q r. 



reference. 

Example 4 

PNA Synthesis 

peptide nucleic acids (PNAsi are prepared in 
accorcance with any of the various procedures referred to 
,n Peptide Nucleic Acias < PN A < : Synthesis, Properties and 

---.ni^ < M&rji-mal Chemistry, 
Potential Applications, ^our.aiiiL i /JeJ- — 

i - k -- r-^-^^n^^d in accordance 
1996, 4, 5-23, They may also be p.epa^J i- 

c c^c, np"^ S 700,922, and 2,/19,26,., 
with U.S. Patents S,2J^,0b._, -> , / v. u , - 

herein incorporated by reference. 
Example 5 

Synthesis of Chimeric Oligonucleotides 

r h < m -ric oligonucleotides, ciigonuciecsiaes or ir.ixed 

, liq cnucleotides/cdigon.ucieosides of the invention can be 

2 severai different types. These include a first type 

"a.r" s-qment or linked nucleosides is 
wherein to*.- gap , . , , 

• . »,--iro" c^nmerts or linked 

positioned between 5' ana . wing _ 

'nucleosides and a second "open end" type wnerern gap 

. ^ r w er rh- 3' or the 1' terminus o. 
seament is rocatec e_t:.ei t.i. - ^ ^ 

th ; oliooneric compound. Oligonucleotides or tne -irs. .... 

ri„.- mors " .-.>• a a coed 
are also known m tne air ao y ayiru.r- - - 

ribonucleotides. oligonucleotides of tne seconc, ty P e -re 
; iS c known m tne art as -hemi,ers» or "wingmers . 

t 2--0-Me]--[2'-deoxyj--l2'-0-Me] Chimeric 

Phosphorothioate oligonucleotides 

rniiuenc oligonucleotides hazing j'-o-di.-^ 
phosphorothioate and 2 • -deoxy phosphorothioate oligo- 
nucleotide seawer.ts are sy.unes.zea USi -"' 3 " ' 
exo^rems automated DBA synthesizer Model 380B, as aoovc 

- . ■ <e « s mthPSised using the automated 

Oligonucleotides die bynin.^^ 

" ~, ■ , c . j . trcrhtxvtt 1 tvl - 3 ' - Q— ph ospno r 

synthesizer and _'-aecxy-u d-ir.e .huA, - - 

_ vdite for tne OKA portion and 5 • -dimethoxyt ri tyW — 



methyi-S'-O-phosphcramidite for 5' and 



Tne 
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standard synthesis cycle is modified by increasing the wait 
step after tne deUve.y of tetrazole an, base to 600 s 
repeated four times for RNA and twice for 2 ' -O-methyl . Tne 
fully protected oligonucleotide xs cleaved from tne support 
and the phosphate group is deorctected in 3:1 
anunonia/ethanol at room temperature overnight then 
iyophilized to dryness. Treatment xn methanoixc ammonia 
for 24 h^s at rcom temperature xs then done tc aeprotect 
all bases and sample was agaxn lyophiixzed to dryness. Tne 
Delle , . 5 ^suspended xn 1M TBAF xn THF for 24 nrs at room 
temperature to deprotect the 2" positions. The reaction xs 

. _„ T . ^ -ample xs then reduced 

f h e n quenched wxtn xK —~ 

' volume by rotovac before being desalted on a G^o 



to I / 

size exclusion :olumn 



The oiigo recovered is men 



1 c, 



20 



size e * - — i u o '-^ 1 1 ■- — • 

analyzes spectrophotometrxcally for yield and for purity by 
capillary electrophoresis and by mass spectrometry. 
[2 > -O- (2-Methoxyethyl) ] — [2 ' -deoxy] — [2 ' O- 
(Methoxyethyl) ] Chimeric Phosphorothxoate 
Oligonucleotides 

r > • -r- ; , -methoxyethyi ) ] - [ 2 • -deoxy] - I -2 ' -O- imethoxy- 
etbyl) \ chimeric phosphorothxoate oligonucleotides were 



id as 



the proceaure aoove i~-r « 



25 



prepare^ r --- - , 

chimeric oi xoonucieotxae , with the substitution oi - — 
(methoxyethyi) amxdxtes for the 2< -O-methyl amxaites. 

12 ' -O- (2-Methoxyethyl) Phosphodxester] — [2 ' -deoxy 
Phosphorothxoate] ~ [2 • -O- (2-Methoxyethyl) 
Phosphodiester] Chimeric oligonucleotides 
[ , . _ 0 _ , ; .-methoxyethyi phosphodxester ] - [ 2 ' -deoxy phos- 
phorothxoate ; - [ 2 • -0- •; methoxyethyi , phospnocxeste- 
chxm~r-c olxgonucleotxdes are prepared as per tne aoove 
F oc^re for tne 2' -O-methyl chxmerxc oligonucleotide wxtn 
the substitution of 2 ' -0- (methoxyethyi) amxdxtes tor tne 
--O-ir-thyl amxdxtes, oxidization with iodine to generate 
the chosphodiester internucleot ide linkages withm the 
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wing per Lions or the chimeric structures ana su J. f u r i zat icn 
utilizing 3,H-1,2 benzod: thioie- j-or.e 1,1 dioxide (Beaucage 
Reagent) :o generate the phosphorcthioate in t er nucleot ide 
linkages for tne canter gap. 
5 Other chimeric oligonucleotides, chimeric oligonucleo- 

tides and mixec chimeric oligonucleotides /oiigoniic Leosides 
are synthesized according to United States patent 
5,623,065, herein incorporated by reference. 
Example 6 
0 Oligonucleotide Isolation 

After cleavage from the controlled pore glass column 
(Applied Biosystems) and deblocking in concentrated 
ammonium hydroxide at 5 5" I for 1 3 hours, tne 
oligonucleotides or oiigonucleosides are purified oy 
precipitation twice out of 0.5 M NaCl with 2.5 volumes 
othanol. Synthesized oligonucleotides were analyzed by 
r. si va rrylamide gel electrophoresis on denaturing gels and 
/udgeo to be at least 85% full length- material. Tne 
relative amounts or phc sphorot hioat e and phospho iiest er 
linkages obtained in synthesis were periodically checked by 

nuclear magnetic resonance spectroscopy, and for some 
s;. u.iies oi iqonuclec tides were purified by HPLC, as 
uesenbed oy Chiang =t al., J. Biol . Chen,. 1991, 2o6, 
18162-18171. Result- obtained with HPLC-pur if ied material 
: were similar to those cttamed with non-HFLC purified 
material . 
Example 7 

Oligonucleotide Synthesis - 96 Well Plate Format 



ca:r.i : 



r'HI: phospn cramidi t e chemistry on an automated 
synthesizer capable of assembling 96 sequences 
simultaneously ir. a standard ^6 well format. 
F-ncsphoaiester inter nuuitrOtj.de nn-.a-jes were afforded by 
oxidation with aqueous iodine. Phospho roth i oat e 
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mternucleotide linkages were generated by sulf unzation 
utilizing 3,H-1,2 benzodithioie-3-one 1,1 dioxide (Beaucage 
Reagent) in anhydrous acetoni trile . Standard base- 
protected beta-cyanoethyldiisopropyl phosphoramidites were 
5 purchased from commercial vendors (e.g. PE-Applied 

Biosystems, Foster City, CA, or Pharmacia, Piscataway, NJ). 
Non-standard nucleosides are synthesized as per known 
literature or patented methods. They are utilized as base 
protected beta-cyanoethyldiisopropyl phosphorami da tes . 
10 Oligonucleotides were cleaved from support and 

deorotected with concentrated NH,OH at elevated temperature 
fS5-6Ci°C) for 12-16 hours and the releasee product then 
dried in vacuo. The dried product was men re-suspended ir 
sterile water to afford a master plate from which ail 
15 analytical ana test plate samples are then diluted 
u t i i i z i n g robotic pipe t tors . 
Example 8 

Oligonucleotide Analysis - 96 Well Plate Format 

The concentration of oligonucleotide m each well was 
20 assessed by dilution of samples and UV absorption 

spectroscopy. Tne full-length integrity of the individual 
products was evaluated by capillary electrophoresis (CE: i 
eitncr tne 96 well format. (Eeckman P/ACE- MDQ) or, tor 
individually prepared samples, on a commercial CE apparatu 

25 ie.cj., Beckman P/ACE™ 5000, AEI 270) . Base and backbone 

composition was confirmed by mass analysis of the compound 
utilizing electrospray-mass spectroscopy. All assay test- 
plates were diluted from tne master plate using single and 
multi-channel robotic pipettors. Plates were judged to oe 

30 acceptable if at. least 85v of the compounds on tne piaie 
were at least 850 full length. 
Example 9 

Cell culture and oligonucleotide treatment 

The effect of antisense compounds on target nucleic 
25 acid expression can be tested in any of a variety of cell 
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types pr o v i d e d that the tarcer n ucl e i c ?. cid is p r e s e n t ai 
measurable level? . This can be rcutir.el v determined using 
tor example, PGR or Northern blot analysis. The following 
four cell types are provided for illustrative purposes, bu 
other cell types can be routinely used. 
7-2 4 eel Is : 

The transitional cell bladder carcinoma cell line T-2 
was obtained from the American Type Culture Collection 
(ATCC) 'Manassas, VA J . T-2^ cells were routinely cultured 
in complete McCoy's 5A basal media (Gibco/Life 
Technologies , la l thei sburg , M D ) supplemented with 10''- feta_L 
calf serum (Gicco/Life Tecnnoi ogies , jcithersburq, MP) , 
penicillin 1 DO units per mL, and streptomycin 100 
micrograms per mL (Gibco/Life Technologies, Ga i ther sburg , 
MD) . Cells were routinely passaged by trypsin! zation and 
dilution when they reached 90" confluence. Cells were 
seeded into 96-well plates ( r a 1 con- Pr imar i a 3 3 72 ) at. a 
density of 7 000 eel Is /well for use in RT-PCR analysis. 

Fir Ncrthern blot tin ; c r o t her analysis, cells may be 
seeded one: 1 0 0 mm or other s t a n a a r d tissue culture plates 
anc treated similarly, using appropriate volumes of medium 
ana oi ioonucieotide . 
AM c cells: 

The human lung carcinoma cell line A5<19 was ontaineci 
from tne American Type Culture Ccllectior. AT CO (Manassas, 
VA) . A54 0 cells were routinely cultured in DMEM basal 
media (Gibco/Life Te chnol ogies , Gait hers burg, MC ) 
supplemented with ICC fetal calf serum (Gibco/Life 
Technologies, Gait her sburg , M D i , penicillin 100 units per 
mL, ana streptomycin 100 micrograms per mL (Gibco/Life 
Technologies, Ga i t her sburg , MD) . Cells were routinely 
passaged by trypsmization and dilution when they reached 
9 C 1 1 c cnfluence . 
N H D F cells: 

Human neonatal dermal fibroblast (NHDF' were obtained 
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from the Clonetics Corporation ( Walker svi lie MD) . MHDFs 
were routinely maintained in Fibroblast: Growth Medium 
(Clonetics Corporation, Walkersvilie MD) supplemented as 
recommended by the supplier. Cells were maintained for up 
5 to 10 passages a^ recommended by the supplier. 
HEK ceils: 

Human embryonic kerat inocytes (HEK) were obtained from 
the Clonetics Corporation (Walkersvilie MD) . HEPIs were 
routinely maintained in Keratinocyte Growth Medium 
10 (Clonetics Corporation, Walkersvilie MD) formulated as 
recommended by the supplier. Cells were routinely- 
maintained for up to 10 passages as recommended by the 
supplier . 

Treatment with antisense compounds: 

15 When ceils reached 80% conriuency, they were created 

with oligonucleotide. For ceils grown in 96-weli plates, 
wells were washed once with 200 uL OPTI-MEM™-! reduced- 
serum medium (Gibco BRL) and then treated with 130 uL of 
OPT I -MEM-- i containing 3.75 pg/mL LI P DFECTIH T; " (Gibco BRL) 

20 and the desired oligonucleotide at a final concentration or 
150 nM. After 4 hours of treatment, tne medium was 
replaced with fresh medium. Ceils were harvested 16 hours 
after oligonucleotide treatment. 
Example 10 

2 5 Analysis of oligonucleotide inhibition of Sentrin 
expression 

Antisense modulation of Sentrin expression can be 
assayed in a variety of ways Known in the art. For 
example, Sentrin mRNA levels :an he quantitated by, e.a., 

30 Northern blct analysis, competitive polymerase chain 
reaction (PGR) , or real-time PGR (RT-PCR) . Real-time 
quantitative PCR is presently preferred. F.MA analysis can 
be performed on total cellular RNA or poly (A) + mRNA. 
Methods of PNA isolation are taught in, for example, 

35 Ausubei, F.N. et al., Current Protocols in Molecular 
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Biology, Volume I, pp. 4.:. 1-4. 2.9 ana 4.5.1-4.3.3, John 
Wiley 6 Sor.s, Inc., 1993. Northern blot analysis is 
routine m the art and is taught in, tor example, Ausubel, 
F.M. et al . , Cur ran t Protocols- m Molecular Biology , Volume 

I, op. 4.2.1-4.2.9, John Wiley & Sons, Inc., 1996. Real- 
time quantitative ( PC F. - can he conveniently accomplished 
using the commercially available AE I PRISM™ "7700 Sequence 
Detection System, available from PE-Applied Biosystems, 
Foster City, CA and used according to manufacturer's 
instructions. Other methods of PCP. are also known in the 
art . 

Sentrir protein levels can be quantitated in a variety 
or ways well known in tne art, such as immunopre :ipi t a t ion , 
Western blot analysis { lmmunobl ot t i nq ) , E1ISA or 
f luorescence-act i vatec cell setting (FACS) . Antibodies 
directed to Sentnn can be identified and obtained from a 
variety of sources, such as tne MSF.S catalog of antibodies 
■Aerie Corporation, Birmingham, MI), or can be prepared via 
conventional antibody generation methods. Methods for 
preparation of polyclonal antisera are taugnt in, for 
example, Ausubel, F.M. et al . , Current Protocols m 
Molecular Biology, Volume 2, pp. 11.12.1-11.12.1, John 
W:.i-\ ;. vets, Inc., 1997. Preparation of monoclonal 
antibodies is taugnt in, for example, Ausubel, F . M . et al., 
Current Protocols in Molecular Biology , Volume 2, pp. 

II. 4.1-13.11.5, John Wiley & Sons, Inc., 1997. 

Immuncprecipi tat ion methods are standard in the art 
ind can oe found at, for example, Ausubel, F.M. et al., 
'Pur: en z : r ' t . " r z 1 a. an Molecular Bad oqy , Volume 2, pp . 
1C . 1 c . I-: 1 . ic . 1 1 , John Wiley S Sons, Inc., 1998. Western 
i. let ■. immunool et } analysis is standard in the art and can 
r fount: at, for example, Ausubel, F.M. et al . , Current 
Pr ozena 1 a m Molecular Biology, Volume pp. 1C.S.1- 

1..6.L1, lohn Wiley I Sens, Inc., 1997. En z yme - 1 i n ked 
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immunosorbent assays (ELISA) are standard in the art and 
can be found at, for example, Ausubel, F.M. et al. , Current 
Protocols in Molecular Biology, Volume 2, pp. 11.2.1- 
11.2.22, John Wiley & Sons, Inc., 1991. 
5 Exainple 11 

Poly (A) + mRNA isolation 

Poly (A) + mRNA was isolated according to Miura et al . , 
Clin. Chem., 1996, 42, 1758-1764. Other methods for 
poly (A) + mRNA isolation are taught in, for example, 

10 Ausubel, F.M. et al . , Current Protocols in Molecular 

Biology, Volume 1, pp. 4.5.1-4.5.3, John Wiley & Sons, 
Inc., 1993. Briefly, for ceil" grown on 96-well plates, 
growth medium was removed from the cells ana each well was 
washed witn 200 uL cold EB2. 60 uL lysis buffer (1C mM 

15 Tris-HCl, pH 7.6, 1 mH EDTA, 0.5 H NaCl , G.z\ NF-40, 20 mM 
vanadyl -r ibonucl eosioe- complex) was added to each well, the 
plate was gently agitated and then incubated at room 
temperature for five minutes. 55 uL of lysate was 
transferred to Oiigo d(T) coated 96-well plates (AGCT Inc., 

20 Irvine CA) . Plates were incubated for 60 minutes at room 
temperature, washed : times with 200 uL of wash buffer (10 
mM Tri s-HCi pH 7.6, 1 mM EDTA, 0.5 M NaCl). After tne 
final wash, the plate was blotted on paper towels to remove 
excess wash buffer and then air-dried for 5 minutes. 60 uL 

25 of eiution buffer (5 mM Tris-HCl pH 7.6), preheated to 70°C 
was added to each well, the plate was incubated on a 90°C 
hot plate for 5 minutes, and the e I u a t e was then 
transferred to a fresh 96-well plate. 

Cells c rcwri on 1 0 0 mm o r other stands r d plates ma y be 

30 treateo similarly, using appropriate volumes of all 
solutions . 
Example 12 
Total RNA Isolation 

Total mRNA was isolated using an RNEASY 96™ kit and 
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buffers purchased from }iaqen Inc. (Valencia CA } following 
the manufacturer's recomrriendec procedures. Briefly, for 
cells grown or 96-well plates, growth medium was removed 
f rem the cells and each well was washed with 200 uL cold 
PBS . 100 uL Buffer RLT was added to each well and the plat 
vigorously agitated for 20 seconds. 100 uL of 70% etnanoi 
was then aoded to each well and the contents mixed by 
pipetting three times up and down. The samples were then 
transferred to the RNEASY 96"' well plate attached to a 
£IAVAC™ manifold fitted with a waste collection tray and 
attached to a vacuum scarce. Vacuum was applied for 15 
seconds . 1 mL of Buffer P.W1 was added to each well of the 
F In! EASY 9 6™ plate and the vacuum again appliec for 15 
seconds. i ml of Buffer RPE was then addea to each well o 
the RNEASY 9£™ plate and the vacuum applied for a period o 
15 seconds. The Buffer RPE wash was then repeated and the 
vacuum was applied for an additional 10 minutes. The plat 
was then removed frcm the QIAVAC 1 * manifold and blotted dry 
cn paper towels, The plate was then re-attached to the 
C-IAVAC™ manifold fitted with a collection tube rack 
containing 1.2 mL collection tubes. RKA was then eiuted b 
pipetting 00 uL water into each well, incubating 1 minute, 
and then applying the vacuum for 30 seconds. The elutio: 
step was repeated with an additional 60 uL water. 
Example 13 

Real-time Quantitative PCP. Analysis of Sentrin mRNA Levels 

Quantitation of Sentrin mRNA levels was oet erminea by 
real-time quantitative PCR using tne ABI PRISM™ 7700 
Sequence Detection System (PE-Applied Biosystems, Foster 
rity, CA) according to manufacturer's instruct l ens . This 
is a closed-tube, non-gel-based, fluorescence detection 
system which allows ni gn -throughput quantitation of 
polymerase chain reaction (PCR) products in real-time. As 
opposed to standard PCR, in which: amplification products 
are quantitatea after the PCR is completed, products m 
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real-time quantitative PGR are quantitated as they 
accumulate. This is accomplished by including in the PGR 
reaction an oligonucleotide probe that anneals specifically 
between the forward and reverse PGR primers, and contains 
5 two fluorescent dyes. A reporter eye (e.g., JOE or FAM, 

obtainec. from either Operon Technologies Inc., Alameda, CA 
or PE-Applied Biosys terns , Foster Cicy, CA) is attached to 
the 5' end of the probe and a quencher dye (e.g., TAMRA, 
obtained from either Operon Technologies Inc., Alameda, CA 

10 or PE-Applied Biosystems, Foster Cicy, CA ) is attached to 
the 3' end of the probe. When tne probe and ayes are 
intact, reportei dye emission is quenched by one proximity 
■: f tne j* quencher dye. During amp 1 if l ca t ion , annealing of 
the probe to the target sequence creates a suostrate that 

13 can be cleaved by the 5 1 -exonuciea s e activity of Taq 
r o 1 y me r a se . D u ring the e x t e n s i o n p h a se of the PCF 
amplification cycle, cleavage of the probe by Taq 
polymerase releases the reporter dye from tne remainder of 
t h p r o b e (an d h ence f r om the g u e n o h e r m* i et y ) and a 

2 0 sequence- specific fluorescent signal is generated. With 
each cycle, additional reporter dye molecules are cleaved 
f rom thei ^ respective p robes, and tne flue re see nee 
intensity is monitored at regular ( s ix- second , intervals n\ 
laser optics built into the A3 I PRISM™ 7700 Sequence 

2 5 Detection System. In each assay, a series of parallel 

reactions containing serial dilutions of mPNA from 
untreated control samples generates a standard curve that 
as used t : quantitate the percent inhibition after 
antisense oligonucleotide treatment cf test samples. 

3 0 PGR reagents were obtainec f r om PE - App lien Biosys t ems , 

Foster City, CA . P.T-PCR reactions were carried out by 
adding 25 uL PC P. cocktail (1>: TAQMAN™ buffer A , 5.5 mM 
MgCl,. 300 uM each of d ATP , dCTP and dGTP, 600 uM of dUTP, 
100 nM each of forward primer, reverse primer, and probe, 
35 20 Units RNAse inhibitor, 1.25 Units AMPLITA'j GOLD™, and 
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li.f Unirs MuLV reverse transcriptase! tc 96 well elates 
cintaming 25 pL poiy(A) mRNA solution. Tne RT reaction 
was carr ied out by incubation f ?r 30 mi.vites at 4 8°C. 
Following a 3 0 minute incubation at 95°C to activate the 
AMPLITAQ GOLD™, 40 cycles of a two-step PCR protocol were 
carried out: 95°C for 15 seconds ; denacura t ion j followed by 
60°C for 1.5 minutes (annealing/extension; . Sentrin probes 
ard primers were designed to hybridize to the human Sentrin 
sequence, using published sequence information (GenBank 
accession number U8l>117, incorporated herein as SEQ ID 
NO: 1 ; . 

For Sentrin the PCP prime r i- were: 
forward primer: G T G A AG C C A C C G T C AT C AT ( 3 (SEC I D NO: 2" 
reverse primer: GAATCTCACTGCTATCCTGTCCAA { SEC 1 ID NO: 3) and 
tne EC? probe was: FAM-CCAGGAGGCAAAACCTTCAACTGAGGA-TAMRA 
(SEQ II' NO: 4; where FAM !?E-App]ied Biosyuems. Fester 
City, CA) is the f lucres cent reports dye) ana TAMP. A (PE- 
App lie: E i o s y stems, Foster C i t y , OA ! i e c h e q u e n c he r dye. 

Fir GAPDH the PCR primers were: 
forward primer: GAAGGTGAAGGTCGGAGTC (SEQ 10 KG: z) 
reverse primer: GAAGATGGTGATGGGATTTC (SEC: :d NO: 6 i and tne 
POP probe w*s: 5' JOE - CAACCTTC CCGTTGTCAGCO - T.AM R A 3' (SEC 
ID NO: ~ ) where JOE fPE- Applied Biosysten.s, Foster City, 
CA) is the fluorescent reporter dye) and TAMFA (PE-Appiied 
Biosystems, Foster City, CA) is the quencher dye. 
Example 14 

Northern blot, analysis of Sentrin mRNA levels 

Eighteen hour-n after ant l sens a treatment, ceil 
monolayers were washed twice wi:h cold PES and lysed in 1 
nil RNAZ3L™ ( TEL -TEST "H" Inc., Friendswooo, TX;. Total RNA 
was prepared following manufacturer's rec omme nded 
protocols. Twenty micrograms of total RNA was fractionated 
by electrophoresis through 1.2'' agarose gels containing 
1.1 r formaldehyde using a MOPS buffer system ( AMR E SCO , Inc. 
Solon, OH;. RNA was transferred from the gel re HY50N 0™-N 
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nylon membranes (Amersham Pharmacia Biotech, Piscataway, 
NJ) by overnight capillary transfer using a 
Northern/Southern Transfer buffer system (TEL-TEST "B" 
Inc., Friendswood, TX) . RNA transfer was confirmed by UV 
5 visualization. Membranes were fixed by UV cr os s - 1 i n king 
using a STRATALIMKER™ UV Crosslinker 2 4 00 (Strataqene, 
Inc ; La Jolia , CA) . 

Membranes were probed using QUICKHYB™ hybridization 
solution (Stracagene, La Joila, CA) using manufacturer's 

10 recommendations for stringent conditions with a Sentrin 
specific probe prepared by PCR using the forward primer 
G T G A A G C C A C C G T C AT C AT G [SEQ ID NO: 2) an:! the reverse primer 
GAATCTCACTGCTATCCTGTCCAA ( SEQ ID NO: 3} . To normalize for 
variations in loading anc transfer efficiency membranes 

1' were stripped and prooed for g 1 ycer a Idehyde - 3-phospha t e 
dehydrogenase { GAP OH ) RNA (Clontech, Palo Alto, CA). 
Hybridized membranes were visualized and quant ita ted using 
r. E HO S P HOP. IMAGER 1 "" and IMAGEQUANT™ Sof tware V3 . 2 (Molecular 
:".T.arnics, Sunnyvale,. CA) . Data was normalized :o GAPDH 

i: ^..vels in untreated controls. 
Example 15 

Antisense inhibition of Sentrin expression- 
phosphorothioate oligodeoxynucleotides 

In accordance with the present invention, a series of 
25 oligonucleotides were designed to target different regions 
of the human Sentrin RNA, using published sequences 
(GenBank accession number U8311" 7 , incorporated herein as 
SEQ ID NO: 1). The oligonucleotides are shown in Table 1. 
Target sites are indicated by nucleotide numbers, as given 
30 in the sequence source reference (Genbank accession no. 

U83117), to which the oligonucleotide binds. All compounds 
in Table 1 are oligodeoxynucleotides with phosphorothioate 
backbones ( inter nucl eoside linkages) throughout. The 
compounds were analyzed for effect on Sentrin mRNA levels 
35 by quantitative real-time PCR as described in other 
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Table 1 






Inhibition cf Sentnn rr.RNA levels by 


phosphorothioate 








cligodeoxynucleotides 






ISIS# 


REGION 


rn t~> /*■» m 

TARGIlT 


SEQUENCE 


% 


SEQ I 






SITE 




Inhibition 


NO . 


'". ~7 r\ o r\ 


5 ' UTP 


1 


aacttccgctacqcctcg 


0 


o 
0 


17 021 


5 1 UTF 


6 


gcagtaacttccgctacg 


0 


9 




" UTF 


J 0 


ccccttcccgacagcaca 


o 
K 


1 U 


17 0 2 3 


1 1 UTF 


4 3 


aaatccttccccttcccg 


0 


1 1 


1 7 02 4 


^ ' UTF 


5 1 


g g g 1 1 1 a c a a a t c c 1 1 c o 


0 


1 J 


17 015 


f ( UTF 


0 ~J 


gggtctccgcacagcagc 


fj 




.7 0... 


?. ' UTF 




acatgatgacggtggctt 






.' 7 i?' 2 7 


Codino 


151 


o t o a g 1 1 g a a g g 1 1 1 1 g r 




1 r 


. . 7 0 2 £ 


2 c dm: 


1 ™* d 


a 1 1 c a c c 1 1 c c 1 1 o 1 1 a t 


4 5 




7 0 2 9 


Coding 


2 0 5 


ctgtccaatgacttcgag 


U 


1 7 


1 7 0 3 0 


C odmo 


2' 1 4 


actgctatcctgtcoaat 


3 3 


J. C 


17 0 3 1 


C L'dir.g 


^- w 


tgaatctcactgctatcc 


f; 




2 7 01 2 


Co img 


2 «1 : ^ 


a g a t g c g 1 1 g t c a 1 1 1 1 c 


0 


2 U 


. . / 0 _* 


Codir a 




gtttcttgagatgtgttg 


l 4 




. 7 o 3 4 


Cc dmc 


I. c- 5' 


ttctttgagtttcttgag 


(j 


— 


1 7 0 1- 2 


C-: i;nq 


2 6 9 


atgattrtttgagtttct 


4 1 


" -- 


1 7 0 3 3 


2 :-dii;g 


*- ' - 


c a g z a t g a 1 1 c 1 1 1 g a g t 


4 i 




7 0 3 ~ 


2* Od f: 0 


2 3 1 


gtotttgacagtatgatt 


1 1 


. r 


_ / IJ J- c. 


i .. oamc 


• — ' 


ttcatiggaacaccctgt 


(CO 


(7. 


' 0 1 


I i-dmg 


2 2 • 


o :tcaaagagaa a cctg a 


1 • 




.1 7 0 4 0 


2 odmo 


r - 


a:t:tctgaccc:caaag 


'- 




1 704 1 


Coding 


.; 5 .:■ 


ctcttttggagtatgat: 


u 




-'704 2' 


C oding 


3 7 0 


cicctccatiicccagttc 


0 


3 C ! 


2 7 0 4 2 


Coding 


7 9 " 


gataaa:ttcaatcacat 


i J 




3 7 0 4 A 


1 ' UTF 


4 60 


aggattgagggaaaagaa 


(J 




17 04 3 


:- ' UTF 


4 9 >:' 


a c c a c a 1 1 a c a a a a g a a c 


0 




3 7 0 4 o 


j ' UTF. 


5 0 f 


:ccgttt'cgaaca:caca 


7 1 


*-i 


1 7 0 4 ' ; 




5-1 : 


:agatgtttcaaagaga: 






- 7 0 4 3 


« UTF. 




ataargaataatgagca: 






2 7 0 4 9 


2 ' UTF. 


5 3 2 


aaa:aataatgaataatg 






2 7 0 5 0 


1 ' t jT 1 p 


593 


acaatgaaaacaaacaat 


0 




2 7 0 5: 


3 ' UTF 


7 3 3 


ccaggagtgaagtaatca 


0 


3 : 'i 


2 7 0 52 


3 * UTF: 


7 58 


cccatctcccactgaaag 


4 7 


4'J 


27053 


2 ' UTF: 


7 61 


acttccatctcccactga 


5 3 


4 1 


2 7 0 5 4 


3 ' UTF 


84 3 


ccacagttcagttctctg 


6 6 


1 2 
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2^055 


r> » 


UTF 


945 


tcaccttatctgtcatct 


0 


43 


2 7 0 5 6 


3 ' 


UTF' 


966 


ctttggagttagtcatta 


0 


44 


27057 


3 ' 


UTF. 


1096 


agcagtgttctgttgtat 


0 


45 


27058 


3 1 


UTP 


1277 


aatttccagtatttatgc 


55 


46 


27059 


3 ' 


DTP 


1358 


ggcacttcagtaactttc 


21 


47 



As shown in Table 1, 3EQ ID KOs 16, 18, 23, 24, 26, 
34, 40, 41, 42 and 46 demonstrated at least 252 inhibition 
of Sentrin expression in this assay and are therefore 
10 preferred. 

Example 16: 

Antisense inhibition of Sentrin expression- 
phosphorothioate 2 1 -MOE gapmer oligonucleotides 

In accordance with the present invention, a second 

15 series of oligonucleotides targeted to human Sentrin were 
synthesized. The oligonucleotide sequences are shown in 
Table 2. Target sites are indicated by nucleotide numbers, 
as civen in the sequence source reference (Genbank 
accession no. U83117), to which tne oligonucleotide binds. 

20 All compounds in Table 2 are chimeric oligonucleotides 

( "gapmers" ) 18 nucleotides in length, composed of a central 
"gap" region consisting of ten 2 ' -deoxynucieot ides , which 
is flanked on both sides (5' and 3' directions) by four- 
nucleotide "wings". The wings are composed of 2'- 

25 methoxyethyl ( 2 ' -MOE ) nucleotides . The internucleoside 

(backbone) linkages are phosphorothioate (P=S) throughout 
the oligonucleotide. Cytidine residues in the 2 1 -MOE wings 
are 5-methy Icy t ldines . 

Data were obtained by real-time quantitative PCR as 

30 described in other examples herein and are averaged from 

three experiments. If present, "N.D." indicates "no data". 



WO 00/3bi48 



PCT/US99/13205 



Inhibition of Ser/.n:; nRNA levels by chimeric 
phcsph orot hioa te oligonucleotides having 2 '-MCE wings and a 

deoxy gap 



ISIS# 


REGION 


TARGET 
SITE 


SEQUENCE 


% 

Inhibition 


SEQ I 
NO . 


27060 


c 


■ UTP 




aacttccgctacgcctcg 


0 


0 


1' 7 0 6 1 


D 


* UTP 


r- 


gcagtaacttccgctacg 


f. 


9 


27062 


c 


' UTP 


35 


ccccttcccgaca g c a c a 




1 0 


27063 


c 


' UTP 


4 3 


aaatccttccccttcccg 


o 


1 1 


2 7 0 6 4 


c 


' UTP 




gggtttacaaatccttcc 


1 


1 2 


2 7 0 6 


3 


' UTF 


9 "'' 


g g g t c t c 0 g 0 a c a g 0 a g c 




1 3 


27 066 




' UTP 


122 


a catgatga oggt gget t 




1 4 


27 0 6" 


O 


:-ding 


1-1 


ctcagttgaaggttttgr 


E 1 


i 3 


2 7 C" >' & 


i J 


oding 


170 


attcac:tt:cttctta: 


4 0 


1 0 


2 7 0 6 9 


- 


jdin^ 




c t g t c c a a t 3 a c 1 1 1 g a g 


2 9 


1 '/ 


2 7 C7 


i 2 


oding 


2 14 


ac t get at c ctgt coaa c 




1 £• 


2 7 C. 7 1 


'- 


-■ding 


2 2 2 


tgaatcccactgctatcc 


31 


1 9 


2 7 C 7 2 




oding 


2 4 c < 


agatgtgttgtcattttc 


/ 0 


2 0 


2 7 ( 7 7 




o d i n g 


2 2 7 


gtttcttgsgatgtgttq 


C ' 7 


2 1 


2 7 r. '; 4 




oding 


2 6 2 


ttctttgagtttcttgag 


1 


- - 


2 7 (j 7 :, 


: 


: d i n g 


2 6 9 


atgattct l t g a gtttct 


2 7 


2 3> 


2 7 t 1 7 6 


- 


: ding 


2 7 3 


c a g t a t g a 1 1 c 1 1 1 g a g t 


0 


^ 4 






oding 


:ei 


gtctttgacagtatgatt 


0 




2 7 ■ ■ / -; 




oding 




ttcattggaacaccctgt 


-' 


_ 0 


- "' 




oding 


i* i ( • 


cctcaaagagaaacctga 


1 1 




2 7 - j 7. : 




oding 


j -'■ 


attctctgacoctcaaag 


1 1 




o "7 i' | • • 


■:: 


oding 




ttcttttgqagtatgatt 


"■■ 1 






c 


oding 


7 o 


ttcctccattcccagttc 


3 4 


1 1 


2 7 0 '3 1 


r 


o ding 


3 92 


gataaacttcaatcacat 


0 


: 


27<.;84 




1 UTF 


4 6 0 


aggattgagggaaaagaa 


18 




2 7 0 ?■ : 




' UTF 


4 96 


accacattacaaaagaac 


2 4 




2 7 0 b v 




1 UTF 


1 OS 


tccgttttgaacaccaca 


6 2 




2 7 2 f. 7 




' UTP 


5.4 4 


cagatgtttcaaagagat 


!) 


3 b 


7 0 P •" 




' UTF 


r ~7 "7 


ataatgaa:aa:gagcac 


■-> 








■J'l r 




a a a c a a t a 0 g a a t a a t g 






2 7 0 9 0 




' UTF 


c. G 3 


acaatgaaaacaaacaat 


r 


;•■ e 


2 7 0 9 1 




1 UTF 


" ■ : 3 3 


ccaggagtgaagtaatca 


4"' 


3 9 






' UTF 


"7 S H 


tccatctcc:actgaaag 


1 ■ 


4 "j 






' UTP 


'^61 


acttccat:tcccactga 


1 7 




2 7 0 9 4 




' UTP 


84 3 


c c acagttcagttctctg 


46 


4 2 


2 7 0 9 5 




' UTP 


^4 5 


tcaccttatctgtcatct 




4 3 
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27096 3 ! UTR 966 ct t tggagt t a g t ca t ta 37 44 

27097 3' UTR 1096 agcagtgttct gttgtat 0 45 

27098 3' UTR 1277 aa 1 1 tccagt a tt tat gc U 4o 

27099 3' UTR 1358 ggcacttcagt aact ttc 7 47 

5 

As shown in Table 2, SEQ ID NOs 13, 15, 16, 17, 19, 
20, 21, 23, 30, 33, 34, 39, 42 and 44 demonstrated at least 
20r, inhibition of Sentrm expression in this experiment and 
are therefore preferred. 
10 Example 17 

Western blot analysis of Sentrin protein levels 

Western blot analysis limmunoblot analysis) is carried 
out using standard methods. Cells are harvested 16-20 h 
after oligonucleotide treatment, washed once with PBS, 
15 suspended in Laemmii buffer (100 ul/well) , boiled for 5 

minutes and loaded on a 16* SDS-PAGE gel. Gels are run for 
1.5 hours at 150 V, and transferred to membrane for western 
blotting. Appropriate primary antibody directed to Sentrin 
is used, with a radiolabeled or fluorescent ly labeled 
20 secondary antibody directed against the primary antibody 
species. Bands are visualized using a PHOSPHORIMAGER™ 
(Molecular Dynamics, Sunnyvale CA) . 
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What is claimed is : 

i. An auti sense compound 8 to 3 0 nucleotides in length 
car acted to a nucleic acid molecule encoding human Sentrin, 
wherein said antiser.se compound inhibits the expression of 
5 human Sentrin. 

2 . T h e antisense compound of claim i which is an 
antisense oligonucleotide. 

3. The antisense compound of claim 2 wherein th-;- 
antisense oligonucleotide has a sequence comprising SEQ ID NO: 

10 13, 15, 16, 17, 18, 19, 20, 21, 22, 24, 26, 30, 33, 34, 39, 
4 0, 41, 42, 4 4 or 46. 

4. The antisense compound of claim 2 wherein the 
antisense oligonucleotide has a sequence ccmprismg SEQ ID NO: 
16, 23, 34 or 42. 

12 5. The antisense compound of claim 2 wnerein the 

antisense oligonucleotide comprises at least one modified 
inter nucleoside linkage . 

6. The antisense comp cun ci of claim 5 wherein the 
modified internucieoside linkage is a phosphorcthioate 

20 linkage. 

7. The antisense compound of claim 2 wherein the 
antisense z 1 igonucl eot ide comprises at least one modified 
sugar moiety. 

8. The antisense compound of claim 7 wherein the 
25 modified sugar moiety is a 2 ' -me t hoxye t hy 1 sugar moiety. 

9. The antisense compound of claim 2 wherein the 
antisense oligonucleotide comprises at least one modified 
nucleobase . 

10. The antisense compound of -claim 9 wherein the 
30 modified nucleobase is a 5 -met hylcy tosine . 

11. The antisense compound of claims 1 wherein the 
antisense oligonucleotide is a chimeric oligonucleotide. 

12. A pharmaceutical composition comprising the 
antisense compound of claim I and a pharmaceut ically 

35 accectable carrier or diluent. 
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13. The pharmaceutical composition of claim 12 further 
comprising s co lloidal dispersion system. 

14. The pharmaceutical composition of claim 12 wherein 
the antisense compound is an antisense oligonucleotide. 

5 15. A method of inhibiting the expression of Sentrin 

in human ceils or tissues comprising contacting said cells or 
tissues with the antisense compound of claim i so that 
expression of Sentrin is inhibited. 

16. A method of treating a human having a disease or 
10 condition associated with Sentrin comprising administering to 

said animal a therapeutically or prophylacticai ly effective 
amount of the antisense compound of claim 1 so that expression 
of Sentrin is inhibited. 

17. The method of claim 16 wherein the disease or 
15 condition is a hyperpr ol i f erat i ve disorder or primary biliary 

cirrhosis . 

18. The method of claim 17 wherein the 
hyperprolif erative diosorder is cancer. 
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AMENDED CLAIMS 

[received by the International Bureau on 18 November 1999 (18.1 1.99); 
original claim 1 1 amended; remaining claims unchanged (1 page)] 

1. An ancisense campouna 8 cc 30 nucleosides m ienatn 
-araetea to a nucleic acic molecule encoding human S en t r i n , 
wnerein said antisense compound inhibits the expression of 
numan Sent r in. 

2. The antisense compound c f ciaim i which is an 
antisense oligonucleotide . 

_ ; . The antisense compound of claim wnerem the 
:::iti sense ol i go nucleotide has a sequence comprising SZQ II NO: 

_ : , 16, i " , i \ , i r , : :> , 2 : , 22, n, - 6 , ■ : , i : , 2 a , 2 ? , 

. 0 , 4 1, 42, 4 4 or 4c. 

4 , T h e a n t i s e n s e c omp o u n a of claim 2 wherein :he 
antisense cl igcnuc 1 est ide nas a sequence comprising SZZ' 2D NO: 
16, _1, 2 A or 41. 

2 . The antisense o ompou n o o f cairn 2 w herein t he 
ant: sense oi i genu elect i oe comprises at .east m,e modifiea 
inter nucleoside linkage. 

6 . The antisense c ompou no of c _ a lm 5 wherein the 
m o a : i : e d ■ n t e r n u c i e o s i a e linkage _ s a cnospnorotnioate 
..nrcae . 

The n 1 1 s e n s ~ : cmpo u n c : : r _ a i m 1 wnerem tne 
ii^t- cense o 1 1 c or. ucieot i ae comprises at leas: tne modified 
^ a u a r moiety. 

c . The a n t : s e n s e c ompou n o of c : aim " wnerei n tne 
- . cc _ z i o- a sugar m a i e t y i a a 2 1 -O-nethox y e t n y 1 sugar mo l e t y . 

~ c e antisense compound or o 1 a l m 1 w n e r e i n tne 
■ mi men so o . : c c nu c 1 c o t i ce comprises at least tne modified 
cede o case . 

. 1 . " : ; e a n 1 1 1 e n s e c omp o u n o :: c : am. r w n ere: n tne 
modified nucieooase n a 5-metnyloytosme.. 

11. T he antisense c omp o u n d of c i a irr. 1 wnerern the 
m t _ c e t: s e oligonucleotide is a chimeric Oligonucleotide. 

1 2 . p na rma c e u 1 1 ca i c ompo s 1 1 1 c n t cms r i s i n g tne 

m.t-aer.se ;amoocnc if o_aim 1 ana - c na rma ce u 1 1 c a 1 1 y 
:Cceotooi*= carrier : r cement. 
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STATEMENT UNDER ARTICLE 19 



Claim 11 has been amendec 
unchanged . 



r i 



i a i m s 



1-10 and 12-18 are 
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SEQUENCE LISTING 

1 1 C ■ -renda F . ba?.e: 

Lex M. Cow.se rt 

oIL'iV- ANT I SENSE MODULATION OF SENTF.IN EXPRESSION 

■•■130. ■ ISPH-0364 

• Ion:- 4 7 

■:2:.0.- 1 
■:2I1:- 1514 



Homo s aniens 



o22lo CDS 
:222.< f 1 3 G } . . (441) 

'•ISO • 1 

:guggcgtag cggaaqU.ec tgcaaccgcg gtgttgtcct gtcgggaagg ggaaggat.tr 60 

qtaaaccccg qaqcgaqgtt crgctiaccc gaggctgctg otgtgcqgaq acccccgggt 120 

gaugccaccg t catc org tct gac cag gag gca aaa cel. tea act gag 1 6c : 
Met Sor Asp Gin Glu .Aia Lys Fro Ser Thr Glu 

1 5 JO 

ga : rr.g ggg gat aaq aag gaa ggt qaa tat art aaa etc a a a qtc al\ 2 It 

Asp Lou Gly Asp Lys Lys Glu Gly Glu 'lyr He Lys Leu Lys Val lie 

lo 2 0 2^ 

gg.j cag gat age age gag at: cac ttc aaa gtg aaa atu a c a aca cat 4 

Gly Gin Asp Sor Ser Giu lie His Pho Lyr Vol Lys Met Tor TLr His 

30 35 4!.' 

oco nag aaa etc a a a gaa tea tat tgt oaa aqa cag age gt t oo;a a t c ; 1, 

Leu Lys Lys Leu Lys Giu Sor Tyr Cys GJo Arg Gin G 1 y Val Pre Met 

■'jo to 5S 



-a ca l. _ a O . 



agg to. :t t;t gag ggt -~ag aga att get gar aat oar 360 



- 1 - 



gt.acaaatt.t f.t.rcttcatt actgtacagg ga 



4 03 
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Asn Ser Leu Arq Phe Leu Phe Glu Gl y Gin Arg He Ala Asp Asn Has 
60 65 70 7b 

act cca add qad ctg gga ate gag qua Jda gat gtg att gaa gr.t tat 
Thr Pro Lys Glu Leu Gly Met Glu Glu Glu Asp Val Tie Glu Vial Tyr 
80 65 90 

cag gaa caa acq ggg ggt cat tea aca gf, tag atattctltt tatttttttt 4<0 
Gin Glu Gin Thr Gly Gly His Ser Thi Vol 
9b 100 

cttttccctc aatccttttt tatttttaaa aataqttctt ttgtaatgtg gtgttcaaaa 521 

eggaattgaa aactggcacc ccatctcttt gaaacatctg gtaatttgaa ttctagtgct 581 

cattattcat tatt.qtttgt tttcattgtg ctgat.-tttq gtgatcaagc ctcacjicccc €A\ 

LLcat.attac cctctccttt ttaaaaatta cgtgrgcaca qagaggtcac ctttttcaqg 701 

dC d:tq^r.l Vtcaggcttr. gt.tctagcat gtcartacr.t cactcctgga -tgrgactt.t 7 >3 1 

cagt.qggdga uggaagtt.t tgLgg..g«aua aa^.. H a..^ •_ - — - ^ - j-_ 

tgactttcca aUtggccctg acagagaact gaacLqtgga aaaatgacct ttccttaact 8*1 

tgaagctact tttaaaattt tqagggtctg gaccaaaaga agaggaatat caggttgaag ( 241 

tcaagatgac agataaggtg agaqtaatga ctaactccaa agatggcttc actqaaqaaa 1001 

aggcatttta agatttttta aaaatcttgt cagaagatcc cagaaaaqtt ctaattttca 10b! 

ttagcaatta araaagctat acatgeagaa atgaatacaa cagaacactg ctctttttga 1121 

ttttatttgt actttttggc cr.gggatatg ggttuaaa: gqacaUqtc tgtaccagct 1191 

tcattaaaat aaacaatatt tgtcaaaaat cgtactaatq cttattttat tttaattgta 1241 

tagaaaqaao aaaatgecta aaataagqtt it;::::car.a aat a zt-:qna ottg-.ac.a * - ' • ^ 



r.aatatta atgactttgg agcactgaaa 136: 



gttactgaag tgcc:t::qa atcaaggatt taattaaggc cacaatacct ttttaatact 1121 
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cagtgtt ctg rtttt',ttaa r.rcccaiai: 'i::j.'ita:rr caiacaggta 1481 

c c c a a t c a t g t tgga taaa t aj^: ; i::;c:a ::jc - 21 ■' I 



< 2 1 0 I 

•211' 20 

12 i:na 

1 l :• • Artificial Sequence 

•;121 Synthet i c 

■ (><: 2 

grqa^qccac CGicatcatg 2 0 



-:21i ■ 2 4 

■111 ■ UNA 

.211 • Artificial Sequence 

2 2 ■ lynthet i c 

< , 0 f ■ • . 

qnaictcact gctatcctgt ccaa 2 4 



<2iM • 4 

•:2;1 > 2^ 

<2 12 > DNA 

.H' Artificial Sequence 

•22 3 ■■ Svntheti c 

•- 4 J J - - 

c;agqaggca aaaccttcaa ctqagga 27 



212 5 

211 < : y 

21.2 * DN7*. 

.213"- Artificial Scquenr' 



- 3 - 



WO 00/36148 



PCT/US99/I3205 



<223.- Synthetic 

•M00> 5 
aaagatgaaq q t cgga q t: c 



■:21l: 20 
•:212: DNA 

■ : 2 1 3 : ■ Artificial .Sequence 



■ :i23 • 

■4 00 • 
■ja a q,'-;tqqtq 



Synt hetic 
atqqqatttc 



? 0 
L>t)A 

Artificial Sequence 
Synthetic 



1 j •_' ' 

i^acttccc gttctcagcc 2 0 



8 

1 ■-) 
DUA 

Artificial Sequence 

•' 22 3 • Synthetic 

- A 00 - H 

a act. r.ccgct a :gcctc;g 



2 1 1 

- 2 1 3 ■ 



-210 • 2 
-211 ' 13 
<21 2 • DNA 



WO 00/36148 



<213> 



PCT7US99/13205 



Artificial ::cq^on:e 



5vr.t:^:i 



<m00> 9 
gcagtaactt ccgcracc 



18 



<1 10: 
<:21 1 : 
= J 12: 



10 
1 8 
DHA 

Art if l 2i a I Sequence 



Synthet ic 



■•Of: 10 
•'. cct tcccq a caacaca 



18 



L. 1 {. 



1 1 

18 
L'NA 

Artificial Sequence 



' _2 3: • Synthetic 

;or-- ] ] 

a a at cct tec ccttcccg 



• 2 1 0 •• 
>r ' J 11 ■ 
< J 1 2 : 

-213: 



1 2 
18 
DNA 

Artificial Sequence 



S ynthet ic 



g g g 1 1. 1 a c a a at cct t c c 



13 



- 5 - 



B\s:oc : <wc ^a- 



WO 00/36148 

-:211:- 
■212-- 



1 c 

D1IA 

Artificial Sequence 



PCT/US99/13205 



:nthet 1 c 



■400;. • IS 

ijcqt ctccgc ac aqcaqc 



18 



: 1 0 
ill 
:U.. 



14 

DUA 

Artificial Sequence 



Synthetic 



a-:a" qatgac oatggctt 



IB 



> 1 : 1 
' 1 1 



1H 
DIJA 

Aairiciaj Sequence 



S vn the tic 



;«»■):• 1', 

i: c:igttgaa ggttttqc 



18 



21 ')• 

: 1 1 
:l y. 



10 
1-j 

DMA 

Artificial Sequence 



C vnt.net 



■1 0 0 > 1 
; ::cacctrc cttcttat 



IS 



- 6 - 



WO 00/361 4S 



PCT/VSW 13205 



:211:- 1 = 

• ;. 12 • dna 

.2 1?"' Artificial Sequent 

<22 j > Gyr.thet ic 

■:400> 1 
ctatccaatq act tt gag 

.210 ■ 16 

■-.111 • IS 

.212 > DIC A 

2 1 3 -• Art ificial 2eqi.er.ee 

-;■ 2 2 2 yrii net i c 

■•/;o()> ift 

a c:: tyrtat.ee totccaat 

2 1 0 > 1 9 

2 1 1 ■:■ 1 8 

• 212.' DMA 

■•'213.-' Ari i c icial Sequence 

•22 2 Synthetic 

-10') ■ 1 a 
tqaatctcac tqct at cc 

- 210> 2 0 

- 2 1 1 > 18 

' 2 12a 2HA 

■213.- Artificial Sequence 

-22 3 - 3yr,t he! i c 

-4 00.:- 2 0 



aqatgtqtto tcattttc 



WO 00/36148 



PCTYUS99/13205 



'210- 21 

■ 2 1 1 > i 8 

] 2 - ON A 

213-- Artificial Sequence 

:223^ Synthetic 



-400: 21 
;tttcttqciq dr.gtqttq 



] h 



.MO 

ill: 



22 
IK 

sr-i; 



. iriciai Sequence 



vntnomc 



•1 0 0- 22 
. t. i: f 1 1 : 3 a u t t v c 1 1 qa q 



18 



-212 



L>KA 

Artificial Sequence 



:n: rv v. i c 



• i i :. z t 



PS- 

/..• l : . i el a_ quen 



IB 



vnt net ' 



- 8 - 



WO 00/36148 



PCTOJS99/13205 



-.no- 

112 • DMA 

:2 13> Artificial Sequence 

:;;23'' Syntactic 

:400> 2t 

■jrcttrgjca aiaLqatt 



•212 

.-211- 1 ••• 

■:212> Dr.'A 

•21", • Artiricial Sequonr- 



■/nr. net 1 c 



'4 00- 2«3 

: t c a t . g c a 3 c a c c c t q L 18 



27 
1 o 
Li N A 

Artificial fv':quer.?e 

-.22 2 • 2ynt hot i c 

■•:4 00 ■ 2'/ 

c c t c a a agar, a a a c c t g a 



: 2 2 0 ■ 
'211 

-:2 2 3 ■ 



■O10> 2P 
212- DMA 

.212- Artificial Sequence 

■22 2. 2 vnthet 1: 

- 9 - 



WO 00/36148 PCT/US99/13205 



<A00> 2S 
attctctqac cctcaaag 



< U. 1>- 

<S12: DNA 

<j!3; Artificial Sequence 

V23 ■ Svnthotic 



- 400 ■ :.' > 

Mctittgga g rat gat t 



<2 j 0 • 30 
•V 1 .' • H 

■ :.;;} 3- Artiriciai Sequence 



• s i o > :-. l 

• 2 11 > : 8 
2U> L'KA 

• :i; : > /artificial Sequence 

• 22s> Synthetic 

• ;o r ■■ > .. i 
ijatrtaacttc daLcacat 



:2H > - 

-21 i> lb 
■-:21 _ • 

-. 21s > Artificial Seauence 



- 10 - 



WO 00/36148 



PCT/US99/13205 



A00 - - A 2 



! 1 0 > 3 3 

ill-- is 

\ 1 2 > DNA 

U; ■ Artificidl Sequence 



•223- Synthetic 
• >} 0 0 ■ 

, ~-i c C ci C cJ r ! .i C -ud 2 a(idJ C 



3 1> • 
211 
212 
2 1 - 



DHA 

A rtif i c i ^ J 2, equen c e 



:2 3 



oynthet.i z 



• '10 u 

t :.: ■': ci i 



.a iCdC C cJ " f" 



1 8 



if 

DM/-. 

3rt:r::;idi >auer 



■NA 



- 11 - 



WO 00/36148 



PCT/US99/13205 



•:21?> Artificial Sequence 

< Synthetic 

• 400:- 36 

ataatgaata atqagcac 

■:.:10.- 37 

1 • 1R 

I ;•• DNA 

j ■ Artificial Sequence 

■::21v • Synthetic 

'4 0C' 3 7 

.-a a c a a t a a t g a a i a a t q 



Artificial Sequence 



2 3 • Synthetic 

-10 0 ■ 3c 

• •. "7 a a t g a a a a c i a a c a a t 

:210 • 3<J 

:_U- ie 

:212- DMA 

:..13» Artificial Sequence 

: ^2 3 - Syntnetic 

. - 0 0 > 3 ') 

- ca g gag t ga a q t a a t ca 

■ 210 > 4 u 



- 12 - 




WO 00/36148 



PCTTJ599/13205 



Ar : 1 1 1 j i a 1 ^-rquence 
Synthet ic 



< 4 0 0 > 4 0 
tccatctccc actgaaag 

O10: 4 1 

2 1 a ; IB 

<212> DNA 

< 2 1 2 : ■ h r 1 1 f i c i a 1 Sequenc e 

•-"22 j- • Synt he tic 

<.400. 4 1 
acttccatct. cccactqa 

210 4 2 

<2i::- :e 

<2 12:- DNA 

< 2 1 3 • Art i f i ci a I S equen c e 

- 2 2 3. > Synt her. ic 

■ 4 0 0 : 4 2 

c c a c agttca g 1 1 c t c t g 

- 0:- 4 2 
■21 1> IB 

2 1 2 - DNA 

•■213> Artificial Sequence 

•223^ Synt he t r c 

4 0 2 > 4 ; 



r c a c c 1 1 a t c f. g t c a t c t 




/ 



WO 00/36148 



PCT/US99/13205 



< 2 1 0 > A4 

:slls u: 

■:il2:- DIJA 

S 1 3 • Artificial Sequence 

:223i Svnthet i c 



4 0 0 :■ h 4 

-rtragagti actcatta 



; H i - ■ 4S 

: 1 1 : 1 fc- 

: l . • • DilA 

• 1 : Artificial Sequence 



Tit net ic 



• g t h x 



.;-)■■> 4 0 

■ ill' If: 

..I. . ■ Di J A 

il;..- Artificial Sequence 

:S2 • Synthetic 

4 00 4 e 

avtttccagt atttatgc IB 



• Sl u • 4" 

• 1 ■ 

SIS • DilA 

r ! 1 3 Artificial Sequence 

'22 3 > Synthetic 

< 4 00 •-• 4 7 



ggcacttcag taaccttc 

- 14 - 
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